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‘ENGLISH ELECTRIC’ designs and manufactures water turbine 
generators for high, medium and low head applications and 
also electrical distribution and transformation equipment for 
power stations all over the world. 
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ENGLISH ELECTRIC 


hydro-electric equipment 




















KARIBA 


330-kV Transmission System 
Protected by Reyrolle Type-H 
Distance Protection 
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Reyrolle type-H high-performance distance protection 


incorporates the following important features : 


High speed for all types of fault 

Accurate measurement for exceptionally wide range 

of source to line impedance 

Negligible over-reach on D.C. transients 

Separate moving-coil elements for earth-faults and phase-faults 
All relay-elements identical and easily removable 
Self-contained design reduces panel wiring 


Built-in phase-selectors for single-phase auto-reclosing if required 


Applied to major transmission lines throughout the world 


Reyrolle 


A. REYROLLE & COMPANY LIMITED + HEBBURN + COUNTY DURHAM e« ENGLAND 
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Equipment for Hydro-Electric Power Stations 


Valve chamber with rotary slide sphériques Compete barrage installations; gates 
rn - ins and hoisting equipment, gantry- and 
overhead travelling cranes, trash screen 
cleaning machinery; sluice gates; control 
valves for high pressure conduits; auto- 
matic safety organs for pipe lines; dis- 
D -t RO LL charge regulating valves, rotary valves 
with rotary-piston servomotors, needle 
valves, butterfly valves, high pressure 
fittings, piping systems for oil and coo- 
Louis de Roll, Ironworks Ltd., ling water plant; funicular and aerial 
Works at Gerlafingen, Klus, cableways for passenger and goods trans- 
Choindez, Rondez, port; building machinery for dam-build- 


Olten, Berne (Switzerland) ing work. 
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CALLENDER-HAMILTON BRIDGES 


by the 











DESIGN - FABRICATION - GALVANISING - INSTALLATION 
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GANTRIES 


Substation structures to meet Customers’ 


specifications are undertaken by the BICC Group. 


BRITISH INSULATED CALLENDER’S CONSTRUCTION CO. LTD. 
and 
PAINTER BROTHERS LIMITED 


specialize in galvanised steel structures 





for use throughout the World. 
OVERHEAD LINES 


Contractors ; BRITISH INSULATED CALLENDER’S CONSTRUCTION COMPANY LIMITED 
30 LEICESTER SQUARE, LONDON WC 2 TELEPHONE: TRAFALGAR 7777 CABLEGRAMS: BICALCON LONDON 


Steelwork : PAINTER BROTHERS LIMITED, HEREFORD TELEPHONE: HEREFORD 3I0I 
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The illustration shows Boving Patent Rotary 
Valves in course of construction. These valves 
are used in high-head installations and are 


particularly notable for their — 


SIMPLICITY - LOW HEAD LOSS - ROBUST DESIGN 


VILLIERS 


Constant research into design 

and production methods, backed by 
the latest advances in technology, 
maintain Boving Quality 

at the highest standard. 

Simplicity and quality finish 
achieves increased reliability 

and reduces costly outages. 


HOUSE 


41-47 STRAND LONDON WC2 
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TRADITIONAL SWISS 
ENGINEERING SKILL AND QUALITY 


KRIENS 
t 


Bell Engineering Works Ltd. 
Kriens/Lucerne (Switzerland) 
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A century of experience in design and 

construction of waterpower- 

equipment and constant research 

in two hydraulic laboratories, 

one of them especially equipped for cavitation tests, 
assure the reliablity and 

efficiency for which Bell turbines 

are renowned 


Bell builds: 

Water Turbines, Spherical straight flow valves, 

Butterfly valves, Penstocks and supply pipings, 
Pressure tunnel liners, 

Partially or fuily automatic and remote controlled plants, 
Power house cranes, 

Towers for transmission lines, 

Water control equipment 


Some projects with Bell Equipment: 

Francis Turbines - Guyabo (E! Salvador) head 56 m, 
24’800 HP - Barenburg (Switzerland) head 340 m, 85’000 HP 
(Supply together with Charmilles) 

Pelton Turbines - Gdschenen (Switzerland) head 698 m, 
64'000 HP - Sedrun (Switzerland) head 588 m, 70’000 HP 
Kaplan Turbines -Wildegg Brugg (Switzerland) head 15,3 m 
34°000 HP - Petajaskoski (Finnland) head 19 m, 67°600 HP 
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Introducing... 
The Short simLac 


to be more exact 


THE SHORT SIMLAC ANALOGUE COMPUTOR 


Shorts, who have produced more analogue computing equipment 
than any other company outside the USA, have built all 

their experience into the new SIMLAC high accuracy analogue 
computor. The instrument is designed for the computor user 

and equipped to his specification. Easy to operate, 

simple to set up, with greater flexibility and higher operating 
standards than those of any comparable computor in 

the world today, the SIMLAC has a virtually unlimited range. 

It is suited in particular to problems of nuclear kinetics, 

chemical process control and electrical generation. 


0.01% oven-stabilised computing elements 
Detachable patch panels give complete flexibility without crossed cords 


Repetitive and continuous operation 


TLL 


Unique high performance amplifier 


Unrivalled comprehensive automatic selection, setting and checking systems 
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Punched tape programming as optional extra 


Write for illustrated brochure and data sheets to 







COMPUTOR SALES DEPARTMENT SHORT BROTHERS & HARLAND LTO 


EAST INDIA HOUSE, 208a REGENT STREET, LONDON, W.1, 
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Up to 1952 no power-transmission systems had been built 
for voltages exceeding about 275,000 voits. However, in that 
year, a giant stride in the technique of power transmission 
was made, in that. the Swedish State Power Board took the 


=hig-bE-Vol-M-phelot-W hole y— 


Harspranget line, which was the first one in the world to 
transmit at 400,000 volts, into use. 


The equipment was taken into regular use without any ! 
preceeding trial operation and has given smooth, trouble 
free service since its inauguration. q 


In point of fact, the magnitude of the technical advance was 
made considerably greater than the actual increase in voltage 
would appear to indicate. The very great length of line, 
coupled with the relatively low generator output during the 
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ee first stages of construction meant that exceptionally high 
oh aoa , , . , ‘ 
Gr fe & voltages were to be expected during switching operations. 
— eis re a‘, 
& NL . P ° ° 
. ma ¥ For this reason, the equipment had to be built to fulfil 
5 AH . H 
P e demands which would now only be made in a system for 
im: Be about 500,000 volts. As the 400,000 volt network was de- 
fs 
(SP veloped and extended, it became possible to reduce the 
\ 1B? above demands considerably. 
~** Y 
4 q When higher transmission voltages than those in use at 
- my a present are adopted we shall be ready to make our contribu- 
. tion. We have alreday tackled the problems involved. 





Two recent contributions to the de- 
velopment of higher transmission 
Systems: 
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Left: New 400,000 volt airblast cir- 
cuitbreaker with a breaking capacity 
of 15—18 million kVA. 





Below: 400,000 volt single-phase 
transformer of record size. Rating of 
a three-phase bank consisting of 
three of these units: 1 million kVA. 











SINGLE PHASE 
TRANSFORMER for three 
phase bank 150/150/50 MV A 
—220/120/10-5 kV—SO cycles 
4 units for NIKOLA TESLA 


substation, Yugoslavia, 





with under-load tap-changer 











Rotor for 25 MVA horizontal type Alternator coupled to Pelton 
Wheel gauging the coupling bolt holes 


2 units manufactured for OESTERREICHISCHE 
DRAUKRAFTWERKE, Kolbnitz Reisseck power station 
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ERCOLE MARELLI & C - s.p.a. - MILANO 
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All 5 generators at Bersimis No. 2 are C.G.E. Three are already ‘‘on-line’’. This station is logically a second stage 
development of Bersimis No. 1, although a separate station with its own storage lake and transmission lines 


-E GENERATORS CONTRIBUTE | 
1/2 MILLION HORSEPOWER TO HYDRO 
QUEBEC’S BERSIMIS DEVELOPMENT 


The Bersimis development is a marvel of thoroughness. 
Every drop of usable water in the river and the regional 
drainage area is being conserved for hydro- 
electric power. 

This tremendous project which involves two hydro- 
electric stations, one of them underground, reflects 
great credit on Hydro-Quebec, their consulting 
engineers, and on all the personnel concerned with 
the development. 

Canadian General Electric was chosen to build nine 


of the thirteen generators for Bersimis. Each is nomi- 
nally rated at 120,000 kva. At the Bersimis No. 1 
station four of these have been delivering 600,000 
horsepower during the past year and a half. At 
Bersimis No. 2, three of the five planned for this 
station are already “on-line”. With the completion of 
Bersimis No. 2 this year, the nine C-G-E Generators 
at these two stations will develop a total of 
14% million hp. 


Apparatus Department 


CANADIAN GENERAL ELECTRIC COMPAN 
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The 4 C-G-E generators (in foreground) develop 600,000 horsepower, half the output at the Bersimis No. 1 underground powerhouse. The 
main dam raised the level of Lac Casse 162 feet. Control dams prevent back flow into the Shipsaw and Peribonka rivers. 





eae 





An expert C-G-E fiela crew is completing the installation of a generator upper bracket and arms and main exciter at Bersimis No. 1 hydro- 
electric station. The total weight of each generator is approximately 600 tons 


At Bersimis No. 2, the rotor spider is .owered into C-G-E technicians install last of rotor rim segments 

position, after the stator with its completed winding has before fitting rotor poles and fans. By building the 

been accurately centred and the C-G-E pre-compressed , complete rotor incrementaly in the generator pit it 

spring-supported thrust and guide bearing carefully allows the use of a smaller capacity station crane 
thus reducing station cost. 


Naturally, Canadian General P 

Electric is proud to play a major part 
in projects of this stature; but regard- 
less of the size or nature of your own 
requirements, we have the facilities, 
personnel, and interest to serve you 
well. We invite you to consult the 
nearest C-G-E sales office; or write 
to: Apparatus Department, 107 Park 
Street N., Peterborough, Ontario. 





GENERAL ELECTRIC 


GENERATORS 
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Now under construction—Four turbines 


for Tokke 1 Power Plant, Norway. 


Head - - 395 metres (1,200 ft.) 

Output each- - - 150,000 H.P. 

Revolutions 

Weight of Spiral Casing 110 tons 
; 


m A.S. KVAERNER 
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HYDRAULIC 
STRUCTURES 


M-A-N hook-type gates enable, besides fine regulation by lowering the top 
gate by approx. 40% of the total retaining height, the discharge of average 
floodwater without operating the bottom gate. Fiissen/Lech Weir Plant with 3 
M-A-N hook-type gates of 10.5 m clear width and 9.0 m retaining height each. 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) - REPRESENTATIVES IN ALL COUNTRIES 





GLENFIELD 
GATES 


for 
Spillways 
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Glenfield Gates in various styles, such as 
direct-lift, drum, radial and tilting, are 
installed on the spillway crests of dams in 
many of the world’s important Hydro-electric 
Schemes. 

Illustrated at site is an electro/automatic 
28 ft. 6 in. span by 27 ft. deep Radial gate; 
and two automatic 90 ft. span by 16 ft. deep 


Drum gates, one of which is seen in operation. 





Head Office and Works: 
KILMARNOCK - SCOTLAND 
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Contributing 


Seshiba to Your 
Better Living! 


Heavy electric equipment for 
‘domestic and overseas use is being 
sent out one after another from 
Toshiba’s Tsurumi Works. 
Shown here (right) is one of the 
3 scheduled 133,000 kVA genera- 
tors—the second largest in the 
world—to be installed at Oku- 
tadami Power Station in central 
Japan. 

You can also see part of the 58, 
OOOKVA generator at the corner 
of the picture, which is now in 
operation at Mazatepec Power 
Station in Mexico. 

And. . . Toshiba is working on the 


next one. 
133,000 kVA water wheel generators for Okutadami Power Station 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan Cable: TOSHIBA TOKYO 
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SAKAI IRON WORKS CO., LTD. 


HEAD OFFICE: WISHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: “SAKATETSU OSAKA” 
TOKYO OFFICE: NIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “’SAKATETSU TOKYO” 


WATER POWER June 1960 








Latina— 


yet another 


nuclear power — 
station... 


and again 


M&l Electrical { 


Insulating : 


Materi als* 


are being used 
in the main 


Turbo-Alternators 


3€ M 4&1 are supplying Micanite V-rings 
and segment separators to 

C. A. Parsons & Co., Ltd., who are 
building the three 

70 MW turbo-alternators 

fer the Latina Nuclear Power Station. 
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View of Latina Nuclear Power Station site taken from 
the Goliath crane and showing the plinths 

used for the fabrication of the 

reactor pressure vessel, the excavation for the reactor 
and the site offices. 


Photograph by courtesy of The Nuclear Power Plant Co., Ltd. 


wy the electrical insulation people 


THE MICANITE & INSULATORS CO.,LTD., 


EMPIRE WORKS, BLACKHORSE LANE, 
WALTHAMSTOW, LONDON, E.17. <aic> 


Telephone: Larkswood 5 
London, Telex 
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Question to Power Line Builders: 


Is this your 





It could be. The problem of vibrating conductors is still the subject of 
world-wide investigation. It is a difficult problem because of the many 
factors involved—climate and the local topography have to be considered, 
as well as the manner of construction of the power line. 


As transmission voltages are raised, too, the problem increases. The large- 
diameter conductors which are required are more prone to vibrate, since they 
expose a greater surface to the wind. Having greater tensile strength, they can 
also be strung more tightly—and higher tension means increased vibration. 

The worst vibrations may be caused by very light winds, and in countries 
where icing is no problem, the regulations may permit undesirably high 
tensions. Dampers, armour rods, and proper design of the suspension clamps 
may reduce or eliminate conductor damage resulting from vibration—but 
in striking a balance between economy and safety, the question is how to 
determine the most suitable tensioning. 

In Sweden vibration problems have been given especial attention, and 
Svenska Metallverken is now making available the collective know-how 
which has been acquired on this subject. But whatever your problem, it will 
pay to consider the advanced technical service which goes with purchases of 
Feral Cable—reliable Swedish ACSR. 


When planning power lines, consult 


SVENSHA METALLVERHEN 


Manufacturers of Feral Cable 


FERAL CABLE DIVISION 




















studying the matter. 





NEW TECHNICAL INFORMATION. A special 
survey of the vibration problem has been prepared 
for us by a leading expert—an engineer of the 
Swedish State Power Board who is also chairman 
of the international committee which is presently 
Besides incorporating the 
latest findings, the survey gives recommendations 
as to suitable practice. Copies of this publication, 
as well as advice on specific problems, supplied 
by Swedish experts, can be obtained through 


Svenska Metallverken, Cable Division. 
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Vibration Damper of the type generally used in Sweden. 


Developed by the State 
Power Board, it acts 
through loose weights. It 
is practically unbreakable, 
relatively cheap, and has 
no natural frequency 
which might aggravate 
conductor vibrations. 


VASTERAS - SWEDEN 


WATER POWER 





June 1960 

























a 
’, 


wr rrr 


Pbpb} 


4 


‘ 
¢ 


a 


‘ 





. 
_ 


g* 


—_ 
—_ 
—— 
—_—— 

ee 
—— 
mma 
— 
a 
——ae 
— 
eee 


a 
| 








UNIFORMITY 
STRENGTH 
DURABILITY 





Oriental porcelain has a history of 
several thousand yeors. Strong porce- 
lain is nothing new to NGK who has 
long ago perfected its outstanding 
developments in the field of high 
voltage insulators through a background 
of over 40 years. 


Suitably designed hardwares and experi- 
enced assembling techniques ‘combine to 
constitute an integral basis on which 
NGK embodys its unsurpassed features 
of uniformity and durability. 


You get so much more out of NGK 
Insulators. 


Nippon Gaishi Kaisha, 


MIZUHO NAGOYA JAPAN 


Cable: INSULATOR Nogoya. TELEX: NGK-NG9928 
Represented in all major territories, 
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alll STATE POWER BOARD 
RO} 


LANGBJORN a DROELECTRIC PROJEC) 


O 65,000 HP 
APLAN TURBINE: 





















“ANICHE RIVA 


VIA STENDHAL 34 MILANO ITALY 





E ral FEDERATION OF RHODESIA AND NYASALAND 


| FEDERAL POWER BOARD 


HP 
INES 


ARIBA HYDRO-ELECTRIC SCHEME 7 


GIBB-COYNE-SOGEI (KARIBA) PVT. LTD. 


CONSULTING ENGINEERS 








BBUPRESIT KARIBA LTD. f 


MAIN CIVIL ENGINEERING CONTRACTORS 
SALISBURY 





PARENT COMPANIES 


IMPRESA UMBERTO GIROLA 
IMPRESE ITALIANE ALL’ESTERO S.P.A. 
IMPRESA ING. LODIGIANI S.P.A. 
DOTT. ING. G. TORNO & C. S.P.A. 
MILANO (ITALY) 








Electricite de France 


2 Francis Turbines 114,300 HP each, under a head of 
124,5 metres, speed 214 t/min., during erection in 
the power station of 








Vevey Engineering Works ltd in collaboration with our French licensee: 


Cie des Ateliers et Forges de la Loire, St-Chamond (Loiré 





Vevey (Switzerland) 


Forging Turbine Shaft under 
7,000 ton Electro-hydraulic 
press. 


FOR HYDRO-ELECTRIC 
GENERATOR INSTALLATIONS 


Rough machined and black 
forged steel Turbine Shafts, 
22’ 11” long. 
Machining forged steel 
Thrust Collar, weight 
18} tons. 


. ». in our high quality carbon 


Forged steel Exciter Shafts, 
each weighing 8} tons. 


and alloy steels — single piece 
engineering units up to 175 
tons produced from _ ingots 


weighing up to 300 tons. 


ENGLISH STEEL 


FORGE AND ENGINEERING CORPORATION LTD 
River Don Works, Sheffield 


A wholly owned subsidiary of English Steel Corporation ltd 
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HIGH VOLTAGE, LOW VOLTAGE 
& RADIO FREQUENCY INSULATORS 





STEATITE AND PORCELAIN PRODUCTS LTD 


STOURPORT-ON-SEVERN, WORCS. TEL: STOURPORT 2271 GRAMS: STEATAIN, STOURPORT 





SP.102 
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Insulated Cable 


It’s always safe 
to use Hitachi Cable 


Two thousand tons of high-purity electrolytic copper are processed monthly by the Hitachi Wire and 

Cable Works, Japan’s leading electric wire manufacturers. Engineers around the world know the brand 

as a sure guarantee of quality, for Hitachi products are only shipped out after exhaustive service ability 

tests. Consumers are specifying Hitachi cable more and more—have been specifying Hitachi cable for 
the past forty-one years. 

© BARE COPPER WIRE @ INSULATED WIRE @ MAGNET WIRE @ POWER CABLE @ COMMUNICATION CABLE ,@ ACSR 


e * 
Tokyo Japan 
Cable Address: ‘““‘HITACHY,’’ TOKYO 
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Waleér... 
¢ DOMINION 


For Canada, 
Dominion has designed and built Propeller, Francis, Im- 
pulse and Kaplan Turbines producing 11,200,000 h.p. This 
is nearly half the total capacity of Canada’s vast hydro- 
electric power system. 


For Export, 

Dominion has designed and built turbines with a total 
capacity of 2,400,000 h.p. This makes a grand total of 
13,600,000 h.p. Overseas installations include 1,039,000 
h.p. in Brazil, 238,000 h.p. in Pakistan, 258,000 h.p. in 
India, 748,000 h.p. in New Zealand, plus installations in 
Bolivia, Jamaica, Ceylon, Colombia, and the U.S.S.R. 


Dominion 


also designs and builds some of the largest spherical and 
butterfly valves installed in important hydro-electric de- 
velopments anywhere, including Warsak (Pakistan) — 18' 
butterfly valves; Kemano, B.C.—51” spherical valves, 
2,590’ head; Chute-des-Passes, Que. — 11' spherical valves. 


These Facts 


are testimony of Dominion’s experience, research and 
laboratory facilities, manufacturing capacity and engineer- 
ing skill—in sum, Dominion’s leadership in the field of 
hydraulic power development. 


Write for Bulletin 201 — “Hydraulic Turbines”. 


DOMINION 
ENGINEERING 


COMPANY LIMITED 
P.O. Box 220, Montreal, CANADA. 
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One of the 16 Dominion Francis Tur- 
bines of 135,000 h.p. each, installed 
in the Siz Adam Beck Niagara Gener- 
ating Station No. 2 of the Hydro- 
Electric Power Commission of Ontario. 

















Operating mechanism for a 42,000 h.p. 
propeller turbine for the Kelsey Develop- 
ment, Manitoba. 


Impulse turbine runners (1. to r.): Kemano 
— 150,000 h.p.; Kundah No. 2 — 50,000 
h.p.; Kundah No. 1 — 28,750 h.p. The 
Kurdah Plants are located in Madras, 
India. 




















11 ft. dia. bore spherical valves for 
Alcan’s Chute-des-Passes Project. 


One of six 18 ft. butterfly valves pro- * : #4 
duced for the Warsak Dam Project of the we addition, 
Government of West Pakistan. Dominion Enginsering hes 
been awarded the following 
turbine contracts: 
12 Kaplan Turbines- 
60,000 hp each-—for Hydro- 
Quebec’s Carillon Project 
on the Ottawa River, the 
largest single order ever 
placed by a Canadian 
power utility. 
10 Kaplan Turbines, 120,- 
Neh. - : 4 000 hp each, for the Wana- 
‘ — wee pum Development, State of 
Washington, U.S.A. These 
units will be among the 
largest Kaplan Turbines in 
the world. 
2 Francis Turbines, 50,000 
hp each, for the Maraeteai 
II Power Plant, New Zea- 
land. 












This Dominion Kaplan Turbine— the 
largest of its kind in Canada — is 
rated at 45,000 h.p. under a head of 
57 feet at the Beechwood Power 
House of the New Brunswick Electric 

Power Commission. 
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OF ALUMINIUM BRONZE 


OVER 2 TONS PER SQ. IN. ! 


0-10 IN. SHELL WITHSTANDS 


Recently we tested to destruction two similar 
hollow castings—one in gun-metal, the other in 
aluminium-bronze. The gun-metal had a wall 
thickness of 0°25 in. and withstood pressures up 
to 4480 Ibs. p.s.i—a very good performance. The 
casting in aluminium-bronze burst at a slightly 
higher pressure (4816 Ibs. p.s.i.) but its wall thickness 
was only 0°10 in. Surely an impressive demon- 
stration of the weight/strength characteristics of 
this alloy. 

We were one of the first foundries to cast in 
aluminium-bronze and to-day we supply castings 
in this alloy to customers all over the world. 











TRADE MARK 





Head Office: 


KHeHHXH* 


%¥ KX *¥ 


* 





LEFT Gun-metal O25 in. thick—burst @? 
4480 Ibs. per sq. in. 

RIGHT Aluminium-bronze 010 in. thick—burst 
at 4816 lbs. per sq. in. 


REMARKABLE PERFORMANCE 








CASTINGS FROM A FEW OUNCES TO 10 TONS... 


in all non-ferrous alloys. Precision machining. Special- 
ists in aluminium-bronze, centrifugal-cast wheel blanks, 
shell moulded castings and chill-cast rods and tubes. 
Continuous cast phosphor-bronze bars 
up to 12 ft. lengths. 


NON-FERROUS CASTINGS 
HIGH-DUTY IRON CASTINGS 
PRECISION MACHINED 
BUSHES AND BEARINGS 


Send your enquiries to: 


HANLEY & LONGPORT, STOKE-ON-TRENT 


WATER POWER June 


T. M. BIRKETT, BILLINGTON & NEWTON 17D 


Hanley, Phone: STOKE-ON-TRENT 22184-5-6-7 Longport, Phone: NEWCASTLE, Staffs 51433-4 
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for Rhodesia 





























600,000 Kilowatts under fingertip control 


The Kariba Dam project, one of the most ambitious in the world. is a major 
advance in the development of Rhodesia. Power from the six 100 MW 
generators is transmitted via 330 kV power lines to the ‘copper-belt’ towns 
and the larger towns of Northern and Southern Rhodesia. 


| 
| 


Both the generation and the transmission of this gigantic output of power 
is controlled and supervised by STC Remote Control and Indication 
Systems. The continuous monitoring of the generation and power flow, 
together with the control and indication of switch positions, enables 
control engineers to supervise the generation and distribution of power 
over 935 miles of transmission line. Included in these systems are specially 
developed items of apparatus which present full information in concise, 
clear and simple form on minature indication diagrams, enabling the 
engineers to take appropriate action. 


4 
™ 


STC’s unrivalled experience in the field of Remote Control and Indication 
is acknowledged in the award of this contract which is one of the biggest 
of its kind. 

Consulting Engineers : Merz & McLellan 











Standard Telephones and Cables Limited 


TELECOMMUNICATION ENGINEERS 
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Brown Boveri 
leaders in the 
design of 

high - speed 
salient - pole 
waterwheel 


generators 





te ‘ ey? Lowering the rotor into the 
es | pe * second alternator at the Fion- 
— nay Power Plant in Switzer- 
se land, owned by the Forces 
yy Motrices de Mauvoisin, S.A., 
Sas : Sion, where three generators 
ba - rated 60 MVA, 0.8 p.f., 750 
hee. t r.p.m., 10.5 kV, 50 c/s are 
installed. 























BOVERI 


Some high-speed waterwheel generators at present 
under construction, or recently installed: 





No. of Output Speed 
kVA 


Units / Shaft r.p.m Power Station Country 
1 . 23 000* V 1 000 Oberaar Switzerland 
2 20 000 H 1 000 Ernen Switzerland BROWN, BOVERI & CO., LTD. 
3 60 000 V 750 Fionnay Switzerland 
3 29000 H 750 Motec Switzerland RB A D E N 
l 30 000 Vv 750 Piottino Switzerland 
3 57 500 Vv 720/600 Tingambato Mexico 
1 60000 Vv 600 Paradela Portugal SWITZERLAND 
2 45 000 Vv 600 Hemsil II Norway 
3 17 650 Vv 600 Neriamangalam India Representatives in most countries 


Synchronous motor 
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A long tunneller and a strong tunneller, 


the badger builds himself an intricate web _ yy 
of passages and dens in which to evade am 


pursuit or retire from the noisy world outside. 

It’s a paradox of progress that man too—in getting 
even further away from nature—is going more and more 
underground. Tunnels for hydro-electric schemes, 
underground power houses—these and many other 
engineering feats are the work of man the tunneller— 
a skill which we have developed into a fine art. * * 

* * In driving 40 miles of tunnels for the North of 
Scotland Hydro-Electric Board, Mitchell Construction 
captured and hold the World high speed rock-tunnelling 
record and constructed the first major underground 


power station in Britain. 






Many of these badger ‘sets’ have been 
enlarged and improved through successive 
generations and may extend for hundreds 
of feet into a hillside. 
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MITGHELL CONSTRUCTION 


Sree — 








Building and Civil Engineering Contractors 





THE MITCHELL CONSTRUCTION COMPANY LIMITED 


WHARF WORKS - PETERBOROUGH 
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Fabricated 
S Platework 





PIPEWORK 

We%can supply low pressure Steam, Gas and 
Water Mains and high pressure welded un- 
lined Water Piping. We also specialise in 
bends of large diameter pipes and branch 
pipes of complicated design. 


to 





specitication 


DUCTS 

Ducts of rectangular design for power sta- 
tions or boiler houses, of electrically-welded 
construction in Mild or Special Steels or 
Aluminium Alloy, can also be supplied. They 
are accurately fabricated to suit your exact 
requirements. 


Our Fabrication Service is fully described in our 
Brochure ‘“‘FABRICATED PLATEWORK”’. Write 
for your copy NOW! 


W. G. ALLEN & SONS (TIPTON) LTD 


P.O.Box4 - Tipton ~-_ Staffs 
Tel: TIPTON 1266 
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One 75 MVA three-phase synchronous generator, horizontal shaft, 428 
r.p.m., 11,000 V + 5%, 50 «.p.s. + 5% coupled to two Pelton turbines 
of the overhanging type. This generator has been supplied to C.E.B. (Con- 
sorzio Elettrico del Buthier), Turin, Italy, for their Valpelline power station. 
This machine is the largest generator in the largest power station in the 


Aosta Valley. 


societa nazionale delle officine di 


savigliano 


Corso Mortara 4 - TORINO (ITALIA) 
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SOCIETE DES FORGES ET 
ATELIERS DU CREUSOT 
(USINES SCHNEIDER) _ 


is er, PARIS 8 - Te 


LE MATERIEL ELECTRIQUE a | 
Constructions électriques SCHNEIDER 
Licence WESTINGHOUSE 


32, Cours Albert-1 PARIS 8 Tel BAL 57-50 





COMPAGNIE INDUSTRIELLE 
DE TRAVAUX 
(ENTREPRISES SCHNEIDER) 


Laksapana Power Plant (Ceylon): Penstocks 


Serre-Poncon Dam Project : concrete 
gallery extending over 7,000 ft. 





Laksapana Power Plant :Two 16,100 kW 
Pelton units under erection 


CONSTRUCTION AND ERECTION OF ANY 
HYDRAULIC POWER PLANT EQUIPMENT 


Penstocks, Valves, Turbines, Alternators, 
Electric Switchgear, Transformers, etc... 


CIVIL ENGINEERING WORK 


es) 
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KULJIAN ...SPECIALISTS IN POWER 


@ Surveys 

4,000,000 KILOWATTS . . . that’s the total generating © Investigations 

capacity represented by the more than 100 Kuljian power projects 

now in operation throughout the world. Kuljian engineers are spe- | @ Reports 

cialists in power—qualified by experience to design, engineer and @ Reservoirs and Dams 

Supervise construction of hydroelectric, steam, internal combus- ! 

tion and nuclear power plants and associated facilities. @ Hydroelectric Power Stations 
| @ Transmission and 


Every Kuljian hydroelectric project combines the skills and experi- ! Distribution Sub Stations 
ence of a complete staff of internationally recognized experts in all ; 
phases of water resources development. No matter what your next 
power project might be, The Kuljian Corporation is fully prepared ! 
to undertake efficiently all phases of design, engineering, and con- @ Tunnels and Aqueducts 
struction supervision to help bring about the quick, economical 
solution to your specific problem. 


@ Pumping and Filtration 
Plants 


@ Irrigation and Flood Control 


@ Other Reclamation Activities 


She hulji lan loyovalion 


a e constructors 
1200 NORTH BROAD STREET ¢ PHILADELPHIA 21, PA., U.S.A. 





HYDROELECTRIC 
DIVISION 1006 
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FIRST © 
AT 
KARIBA 





Photograph by Fairey Air Surveys Ltd 
In May 1952 a handful of men, all members of The Cementation Group, travelled to Kariba Gorge. Their task 
was to undertake exploratory drilling of three possible sites for the Dam (1 They were the first to arrive... and 
since that time Cementation has been responsible for speedy civil engineering at Kariba totalling £3,500,000 in 
value. This work includes cofferdam foundations, the driving of the diversion tunnel, and cementation of structures 
both above and below ground () The Cementation Group is proud to have participated in this mighty project. 


ementation 


THE CEMENTATION GROUP OF COMPANIES - 20 ALBERT EMBANKMENT - LONDON SEIlI1 
And in India, Pakistan, the Middle East, South Africa, Rhodesia, West Africa, Canada, New Zealand, Spain, Portugal and Brazil 
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CONTINUOUS STAVE WOOD PIPE: 
a new publication now available 


3uilt with ease over difficult terrain, treated wood conduits, penstocks and irrigation projects. Our 
stave pipelines are unique among all the methods recent publication: CONTINUOUS STAVE WOOD 
and materials in use today. Component parts can PIPE, reveals details of history, uses, construction 


be delivered to inaccessible sites and assembled on and maintenance, together with design data and 


the grade by local labour without difficulty, in spite flow tables. Write for your copy. 


of complex curvatures. 
eae: Me ; ADIAN WOOD PIPE & TANKS LIMITED 
Engineers should be familiar with the economy 
550 Pacific Street, 
Vancouver 2, British Columbia, 


and many advantages of this pipe for high-line Canada 








ELECTRICAL 
EQUIPMENT 






CIRCUIT BREAKERS, 
INSTRUMENT TRANSFORMERS, 
ISOLATING SWITCHES, 
BUSHING INSULATORS, 
CONTROL DESKS AND PANELS, 
SWITCHBOARDS, 

FOR MEDIUM, HIGH AND 
ULTRA-HIG:IH VOLTAGES 


















OFFICINE 
ELETTRO 
MECCANICHE 
GALILEO 


Di BATTACLIA TERME SpA 


For offers and details please enquire to: 
OFFICINE ELETTROMECCANICHE GALILEO - SERVIZIO COMMERCIO ESTERO - MILANO, VIA LARGA, 26 
(C'T ALY) PHONE: 877.895 - GRAMS: ELETTROGA - MILANO 





ESCHER WYSS | 


turbines near the Arctic Circle 


The 83,400 HP Kaplan turbines for Pirttikoski Power Station in Finland represent another example of our activities as 
suppliers of Hydraulic Installations throughout the world. These units are designed to operate at 115.4 rpm under 29 metres 
head with 232 cub. m/sec. developing unit outputs of 83,400 HP. 


Escher Wyss Ltd. Zurich/Switzerland 
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KARIBA —Electrical 


THREE HUNDRED MILES downstream from Victoria Falls, where vast power goes to waste in a magnificent 


display, the waters of the Zambesi are being harnessed to supply electricity to the whole of 
Northern and Southern Rhodesia. The world’s largest man-made lake, with an area bigger than the 
whole of the county of Kent, will store sufficient water power to generate 8} million MWh of electricity 
annually. When the first stage of the plan is completed in 1962, six 100-MW generators will be in 
operation. By the early 1970’s it is planned to raise the total generating capacity to 1,500 MW. 
From Kariba this power will be distributed to the growing industries 
and cities of the Rhodesias and particularly to the Copper Belt. 
Much of the major electrical equipment for this great project is being supplied by AEI. 
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artly assembled stator, 
owing foundations for 
thrust block. 


erz and McLellan—Electrical and Mechanical 












aEngineering 


—|on the 


330 kV 7,500 MVA 
circuit breakers at 
Kariba switching station. 






xed Grand Scale 


AT THE HEART OF THIS TREMENDOUS SCHEME are 


the six 100-MW AEI generators—the largest 






hydro-electric generators in Africa. Power is 


distributed at 330 kV which is the highest 










voltage to be used in the Southern hemisphere. 













For switching this power at Kariba and at the 








in Northern and Southern 





six sub-stations 


< 


One of the six 
100-MW generator 
rotors being 
lowered into its stat 






Rhodesia, AEI is to supply 25 oil circuit breakers, 






over 100 isolators and ancillary equipment. 






AEI contracts also include the provision of 50 






miles of cables, including control cables, co-axial 






and telephone cables and lead-covered cables for 






2 a 


the underground power station. 













> 


A section of the 330-kV 
switchyard at Kariba 
showing the equipment 
to control the feeder to 
Lusaka and Kitwe in 
Northern Rhodesia. 
The dam can 
be seen below. 











Associated Electrical Industries Limited 
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Runner for The Baygorria Power Station, 
manufactured in NOHAB’s shops. ‘ 


Below is a table of important orders for 
NOHAB turbines. 







































































Number and Head Output Sisal 
Power Station type si a 28 Metric HP = Comments 
of turbine | ft. m. per turbine r-p.m. 
STORNORRFORS 3 Francis 246-0 75-0 200,000 125 The most powerful water turbines in 
Sweden Europe 
— 2 Kaplan 170-6 52-0 87,200 150 This is the highest head for which a Kap- 
eget lan turbine has been installed in Sweden. 
| — 2 Kaplan 118-0 33-0 120,200 115 These will be the most powerful Kaplan 
— turbines in Sweden. 
1 eeore~ Ee a — | —_ = 
' —_— 1 Francis 147-6 45-0 51,000 150 With regard to dimensions, the largest 
; ae turbine in Norway. 
{ ———EEE = — = — — 
1 PANCHET HII 1 Kaplan 113-0 34-4 80,000 125 India’s largest Kaplan turbine in output 
' indie as well as dimensions. 
: RINCON DE BAYGORRIA 3 Kaplan 48-2 14-7 49,500 79 With regard to dimensions, South Ame- 
\ 7 rica’s largest turbines. 
FURNAS 4+ Francis 308-4 94-0 230,000 150 One of the most powerful water turbines 
Brazil in the world. 











Ample supply of energy in convenient 
forms is a fundamental condition for the 
standards of living. NOHAB turbines help 
to produce electric power in water power 
plants all over the world. 





NYDQVIST & HOLM AKTIEBOLAG, TROLLHATTAN, SWEDEN 


Cables: NOHAB Phone: 18000 Telex: 5284 
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SOCIETA’ IDROELETTRICA MEDIO ADIGE, VERONA (ITALY) 


POWER STATION OF ISOLA SERAFINI 
ON THE PO RIVER 


KAPLAN TURBINES, 12,500 kW. each 


Delivery: 230,000 Its/sec. 
Head: 6°00 mts. 
Speed: 53°57 r.p.m. 





7,683 mms. diameter wheel during final lathe-machining of blades outer spherical surface 


FRANCO TOSI S.p.a « LEGNANO (ITALY) 
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HYDRAULIC STEEL STRUCTURES 





WAAGNER- BIRO A. G. 


whe Omat 





View of the Nile Power Station downstream-side, recently put into commission on the old Aswan Dam 


For this power station Waagner-Bird have supplied 
the complete hydraulic steel structures, servomotors 


and the two cranes 


Design and Construction: 


WAAGNER-BIRO 


AKTIENGESELLSCHAFT 
VIiEN NA GRAZ 


Head Office... VIENNA V., MARGARETENSTRASSE 70, AUSTRIA 
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VERTIGAL SHAFT WATER POWER 
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Two three-phase vertical synchronous generators, each 12,000 kVA (suitable for 
15% over-load continuously), 6.9 kV,60 cps, 300 r.p.m., supplied for Hydro- 
Power Station El Oviachic, Mexico. A third generator of the same design has 


been installed at Hydro-Power Station, Mocuzari, Mexico. 


ELIN-UNION 


Aktiengeselischaft fur elektrische Industrie 
Vienna—Austria 
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| HYDRO-ELECTRIC UNITS 
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(BINES ARE RUNNING IN: TURKEY, THE LIBANON, PAKISTAN, “RRTINDIR: ‘THAILAND, TE 
NEW ZE LAND, S. A. U., BELG. CONGO, PORT. ANGOLA, MAURITIUS, MEXICO, COSTARI 
COLUMBIA, VENEZUELA, ECUADOR, PERU, BRAZIL, THE ARGENTINE, CHILE, GREECE, ' (UGO 
ARIA, AUSTRIA, CZECHOSLOVAKIA, LUXEMBURG, HOLLAND, BEL 
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EFFICIENCIES 


85 





The sound qualities 


of Neyrpic turbines 


were again confirmed 


at Bersimis 


when the efficiencies 


of units 5 to 8 


exceeded 


the guaranteed values 








Guaranteed under 840 ft 


166,000 HP 





Opening 


Efficiencies 
gucranteed 


Efficiencies 
obtained 





10/10 
9/10 
7/\0 
5/10 








91 

92,6 
90,2 
85,2 





91 

93,2 
93,5 
90,8 








80,000 100,000 


GREA G2 ti € 


Avenue de-Beauvert 
Téléphone y ie ea 2) 
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120,000 


BERSIMIS 


(260 


Bersimis Neyrpic turbines 
exceed expectations ! 


166,000 HP 


Nominal output 


Maximum reached 


177,000 HP 


140,000 160,000 180, 
HORSE POWER UNDER 840 ft 





PARIS 
2-10, Rus , 
Teléphone yf r 
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Today an easy life is no luxury... owing to | 
electric power. 

Mitsubishi Electric engineers, workers... all 
play important roles in making your life more 
comfortable ... manufacturing every type of 
electrical equipment from giant generators 
and transformers to small home appliances 
that offer an easier life... the electric way. 
For unmatched experience and the widest _ 
record of achievements, look to the THREE “> 
DIAMONDS of the Mitsubishi Brand. They 
represent QUALITY and INTEGRITY 


105,000 kVA Water-wheel Generator 


MITSUBISHI ELECTRIC MANUFACTURING COMPANY 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 
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THE BIGGEST MADE IN THE U.S.A., this reversible pump-turbine scroll case has inlet diameter of 
18 ft, measures 56 ft across. It’s designed for one of Tuscarora’s 12 Allis-Chalmers pump-turbines. 


Now building 12 reversible pump-turbines for Tuscarora — 


world’s largest pumped-storage project 





— 





‘ 


é , 
(3 ts STORAGE A 
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Power plant by day, pumping station at night — the New 
York State Power Authority’s Tuscarora plant will capitalize 
on the hydroelectric power potential of the Niagara River 
without adversely affecting the sceric beauty of the Falls. 
The largest project of its kind, Tuscarora will have 12 rever- 
sible pump-turbines...all designed and fabricated by Allis- 
Chalmers. As a turbine, each of these units is rated at 28,000 
hp under 75-ft head. In reverse, as a pump, each is rated at 
3400 cfs against 85-ft head. All will be direct-connected to 
Allis-Chalmers generator-motors — rating 25,000 kva at .8 P.F. 
as generators .. . 37,500 hp at 100% P.F. in reverse as motors, 
The selection of Allis-Chalmers to design and build the above 
components came naturally. A-C is the only builder of com- 
plete reversible pump-turbine installations — with a record 
that includes the world’s largest pumped-storage projects. 
Look to Allis-Chalmers for leadership in the design, engi- 
neering and manufacture of hydraulic turbines and necessary 
accessories such as valves, pumps, trash rakes, water control 
gates and hoists. For information, contact your nearby A-C 
office...or write Allis-Chalmers, Hydraulic Division, York, Pa. 
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serve 
the 
power 
supplies 

of 

Great Britain 








YORKSHIRE ELECTRIC TRANSFORMER CO. LTD. 
THORNHILL, DEWSBURY, YORKS., ENGLAND 
Tel: Dewsbury 1691-2 Grams: Transforma, Dewsbury 
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+ 
New design 
Swedish State Power Board, two KMW Kaplan 
OF GOVERNORS turbines, each having a nominal rating of 59,500 hp 


at 13.6 m (45 ft.) head and 75 r.p.m., are now in 


At Jarkvissle power station, belonging to the 


service. 


The station is equipped with electrical governors. 
The actuator, the control valves for gate and runner 


servomotors, and the combinator gear are grouped 





in a closed cabinet, placed near the turbine pit. 


Oil is brought to the runner servomotor through a 





pressure oil box on the turbine shaft. The servo- 
motor restoring gear is electro-hydraulic and 


arranged in the generator. 


AB KARLSTADS MEKANISKA WERKSTAD 


KARLSTAD SWEDEN 


Representatives in Canada: A. Johnson & Co. (Canada) Ltd. 
607 Shell Tower Building, Montreal 2 





Francis Runner 


in +GF+ Electric Steel 
Grade COR 13.65 

13% Chromium, stainless 
Weight 14 tons 


+GF+ 


Diameter 11 feet 


the Steel Foundry 


Nearly fifty years of experience in 
this field and modern foundry equip- 
for ment with latest non-destructive 
testing methods guarantee the qua- 


NUE Necladtigeliil-M dUlilele-MMe lity of our castings. 


George Fischer Limited, Schaffhausen, Switzerland 


Telephone: (053) 56031 / 57031 Telegrams: Geofischer 


Sg 60430/4 
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with Kaplan, Francis and Pel- We shall be pleased to advise 
ton turbines for any head and ag you in all your problems con- 
output. The world known 5KO- | nected with the projection of 
DA and CKD Trade marks gua- water power plants. 

rantee a first class technical nal 

design and quality supplied by r ; F The picture shows the rotor of 
us. We give integral guaran- a vertical alternator 60.000 
tees for complete deliveries. kWA, 10,5 kV, 230.8 r. p. m. 


TECHNOEXPORT 


FOREIGN TRADE CORPORATION FOR EXPORT OF COMPLETE INDUSTRIAL PLANTS 
PRAHA I!, VACLAVSKE NAM. 56, CZECHOSLOVAKIA 


Visit our display stands at the Brno International Trade Fair, 11—25th September, 1960 
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Sondrio Plant 










Penstocks for high capacity power 
schemes - Large size valves and 
gates for hydraulic plants - Seamless 

Headquarters: via Zara, 12 - BRESCIA [Italy] steel cylinders for gases - Steel 

at. nae oy » Foe Soe forgings-raw and machined castings 

L.A. POOLE & Company - Clun House - 17 Surrey Street of steel, cast-iron - Seamless rolled 


Strand, London W. C. 2 - Phone: Covent Garden 0021/2 steel rings and flanges 
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USCLE. Mathematics. Money. And horse-power. 
Horse-power above all. The man-horse combina- 


tion held the Zambesi floods and built the dam at 
Kariba. 

What were the men called? They had no one name. 
They came from Leghorn and York, from Pisa and 






Bulawayo, from the Cape, from Nyasaland and from 
Kariba itself. The horse-power from Italy, Britain, 
Africa, America. Men and machines worked in tempera- 
tures of 110°F., alternately swallowed dust fine as talcum 
powder, or sweated in Turkish bath humidity. Lions and 
elephants looked in from time to time. 


ae ee 


RE ee Eye 


What got him 
on top of the 
Zambesi ? 


Others cared for the men. We fed and protected the 
horse-power with fuels and lubricants. We were at 
Kariba in the first days of doubt, when the first machines 
scratched the gorge. We are still there today when the 
dam rears complete, and the Zambesi held behind it 
sprawls from horizon to horizon. 


YOU CAN 





BE SURE OF 





- eR GR ain 








Whatever your governing problem is 
J. M. VOITH-HEIDENHEIM 


can supply the most suited governing equipment either 

of the fully-hydraulic or the hydro-electric type that will 
meet most exacting requirements, be it for the 

governing of small water turbines, automatic frequency 
control of large sets or the frequency-controlled 

transfer of power. 


While in the past just like the machine sets themselves 
exposed governors were favoured, it is our present-day 
practice to install the governing equipment behind 
control panels, in cabinets and desks, whereby an extremely 
neat and pleasing arrangement can be achieved. The 
photo underneath shows unit control boards of this 

type as installed in the Happurg Pumped-Storage Plant. 





© J.M. VOITH GMBH - HEIDENHEIM (BRENZ) - GERMANY 
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. . +. to control water level at Long 


Sault Dam, St. Lawrence Power Project 


MURCO GATE HOISTS 


For the second largest hydroelectric power plant in the United States at Massena, 
New York -- as part of the St. Lawrence power project -- Uhl, Hall & Rich, 
Project engineers, selected MURCO Gate Hoists to control the water level at 
Long Sault Dam. 


MURCO Gate Hoists are designed from knowledge and experience . . . backed 
by over 75 years in design and manufacture . . . with hundreds of successful 
installations made for leading engineers, power companies, industrial plants, 
government power projects . . . each MURCO Gate Hoist designed to do its 
job, incorporated into its design the factors that meet the requirements of the 


operators. 


MURCO Gate Hoists are designed and made for any size power dam . 
capacities from less than 1 ton to over 100 tons . . . from the smallest hand 
operated to the largest motor operated gate hoist, all made to specifications. 


Manufacturers Since 1883 
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Courtesy of Union Carbide Plastics Company 
Division of Union Carbide Corporation. 






Illustrated is one of the eighteen 
MURCO Gate Hoists on the Long 
Sault Dam shown above. Each 
hoist weighs 93,000 Ibs. and 
when shipped to the project was 
completely equipped with all 
electric motors, controls, limit 
switches, wired ready for opera- 
tion when installed. 


Each MURCO Gate Hoist, as il- 
lustrated, has 175 tons lifting 
capacity . . . will raise and lower 
the gates in the dam at a speed 
of 1 foot per minute. 





The overall length of each unit 
is 57 feet . . . 82 feet wide and 
12% feet high. 


Write for complete information 

Engineering Department 
recommendations . . . when you 
are planning power dam pro- 
jects. 





D. J. MURRAY MANUFACTURING CO. 





WAUSAU, WISCONSIN, U.S.A. 











2000 WATER TURBINES 


have been manufactured by Tampella so far. The turbines Nos. 
2000 and 2001 were delivered to the Soviet Union for the Kaitakoski 
Power Plant where they were recently put into operation. 
The delivery comprised two Kaplan-turbines with the following 
technical data: 





oe =85 m 
| 
Jampell @ = 100 m/sec. 
N = 10050 HP 
ENGINEERING WORKS n = 100 RPM 


TAMPERE . FINLAND 
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Interior of the Wanship Power Plant, looking across 
the Leffel turbine toward the control cabinets. 


— Wanship Power Plant, located in Wanship Dam on 
the Weber River approximately one mile upstream 
from Weber, Utah. 


3 Leffel Turbines Provide Power for the 
Bureau of Reclamation’s Weber Basin Project 


Gateway and Wanship Power Plants, units in the 
United States Bureau of Reclamation’s Weber Basin 
Project, were constructed to provide power for proj- 
ect use . . . primarily for pumping irrigation and 
drainage water. 


Three Leffel vertical shaft, spiral case turbines, 
two at Gateway and one at Wanship, drive the gen- 
erators which supply this vital power. Each of the 
Gateway turbines is rated at 2900 H.P. at 514 R.P.M. 
under 140 foot net head. The Wanship turbine is 








Interior of the Gateway Power Plant, showing one he 
of the two Leffel turbines. 


Gateway Power Plant, located on the Gateway 
Canal approximately 15 miles west of Morgan, 
Utah. 


rated at 2000 H.P. at 450 R.P.M. under a 116 foot net 
head. 

Successful installations such as these in all parts 
of the world testify to Leffel’s ability to design tur- 
bines for high efficiency and build them for long life 
and reliable operation. And every Leffel turbine is 
backed by nearly a century of experience in water 
power development. Be sure to take advantage of 
this experience on your next project. It’s available 
without obligation. 


“\ THE JAMES LEFFEL & CO. 
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BRASILIA 


SIEMENS 


TRES MARIAS 


FURNAS Vitoria 
Campos 


JURU-MIRIM 
Niteroi 
Rio de Janeiro 

Santos On the Rio Grande Brazil is erecting a new chain of power 
stations the most important link of which is the Furnas 
hydroelectric station. With an ultimate output of 1,280 MVA 
it will be the largest power station on the whole 
South American Continent. 
For this power station, Siemens-Schuckertwerke are supplying 
four 160,000-kVA, 15-kV generators with a power iactor of 0.95. 
To suit the hydraulic conditions, generators of the umbrella 
type were selected with a rated speed of 150 rpm (runaway 
speed 282 rpm). The generator thrust bearing is designed 


for a total load of 1,050 tonnes; the complete generator 
4 X 160,000° kVA weighs 775 tonnes. 


From 1962 onwards, these four Siemens generators, 
Waterwheel Generators which number among the largest in the world, will feed 
f 640,000 kVA into the Brazilian power system. Together with 
or Fu ras seven other generators intended for the hydroelectric power 
stations at TRES MARIAS, JURU-MIRIM and BRASILIA, 
Siemens generators will raise the capacity of the Brazilian 
power system by almost 1,000,000 kVA. 


* corresponding to VDE rating of 4x 175,000 kVA 
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of complete: 
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lined pressure shafts, 
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pipe lines for irrigation and 
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distribution piping 
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Kariba Officially Opened 


Y the time that these words appear the Kariba 

hydro-electric scheme should have been officially 

opened by Queen Elizabeth, the Queen Mother. 
although it had been supplying power to the copper 
belt since December 28, 1959, when the first of the six 
generators was started up. The harnessing of the 
Zambesi in the Kariba gorge forms one of the most 
imaginative schemes of the century, and when com- 
pleted the electrical generating equipment will be at 
least of 1,500 MW capacity, with an estimated annual 
output of 9,000 million kWh. The first stage, how- 
ever, will consist of six 100 MW generators, each of 
which weighs 720 tons, is 40 ft. in diameter and will 
be coupled to a Francis-type turbine made by Boving 
& Co. Ltd. Two more of these sets will be com- 
missioned this year, two in 1961 and the sixth in 
1962. Stage II of the scheme will be situated on the 
other bank of the river and will consist of turbine 
sets capable of generating 800 to 1,000 MW in a fur- 
ther underground power station. It is expected that 
half the cost of the final stage will be met from out 
of the revenue from the initial scheme. The scheme 
will provide power to an immense area in central 
Africa and will greatly assist in the rapidly increasing 
demand for power in the industrial centres, particu- 
larly in the copper belt. 

The Zambesi actually marks the border between 
Northern and Southern Rhodesia, and Kariba is 
situated at a spot about 300 miles downstream from 
Victoria Falls. Here a lake will be created by the 
dam extending some 175 miles upstream and 40 miles 
broad in places. It will cover an area of some 2,000 
sq. miles in extent and is believed to be the largest 
of its kind in the world. The Zambesi is a river that 
has a flow of very wide seasonal variations and the 
large capacity of the reservoir will make an adequate 
supply of storage water available throughout the year 
for power generation. 

Power is transmitted from Kariba at 330 kV, the 
highest yet adopted in the Southern Hemisphere—a 
voltage which is being employed for the Snowy Moun- 
tains scheme in Australia. Most of the electrical equip- 
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ment for the undertaking is being made in Britain 
and two of the largest contracts were originally placed 
with the Metropolitan-Vickers Electrical Export Co. 
Ltd. and the British Thomson-Houston Co. Ltd., 
whose overseas interests are now dealt with by Asso- 
ciated Electrical Industries Export Limited. The six 
100 MW generators are being supplied by the AEI 
Heavy Plant Division, Manchester, and the 330 kV 
switchgear by the AEI Switchgear Division, Willes- 
den, and certain of the electrical cables by another 
AEI company, namely, Siemens Edison Swan 
Limited. The step-up transformers are by The English 
Electric Co. Ltd. and those at the receiving substations 
are by Ferranti Limited. 

The generators are rated at 111 MVA 0-9 power 
factor, 18 kV, three phase, 50 cycles, at a speed of 
116-7 r.p.m. The vertical shaft is fitted with a thrust 
bearing and one guide bearing positioned immediately 
below the rotor. Excitation is provided by a 364 kW, 
360 V, d.c. machine fitted to the generator and con- 
trolled by a rotating magnetic-amplifier type of volt- 
age regulator. Auxiliary equipment includes built-in 
firefighting equipment which will be initiated by ther- 
mostats in the hot-air circuit, a high-pressure oil- 
operated rotor-jacking system, a governor and bear- 
ing-oil purification equipment, an air-compression 
unit for braking and a _ transformer-cooling-water 
system. 

The circuit breakers and isolators are designed to 
achieve maximum space economy, and the order for 
them is notable as it was one of the largest ever to 
be placed with a British manufacturer and one of the 
first to be received from abroad for 330 kV. Twenty- 
five circuit breakers for seven substations and more 
than 100 isolators are involved. The 330 kV oil cir- 
cuit breakers have a breaking capacity of 7,500 MVA 
and are of the bulk-oil lenticular-tank type. Tests in- 
cluded low-inductive and capacity-current switching 
and the performances proved to be well within the 
guarantee figure. 

Responsibility for the construction and operation 
of the Kariba scheme is vested with the Federa! 
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Power Board. The civil-engineering consultants are 
Sir Alexander Gibb & Partners of London, Messrs. 
André Coyne & Jean Bellier of Paris, and the Société 
Général d’Exploitations Industrielles of Paris, these 
three firms having amalgamated for the purpose of 
the Kariba project as Gibb, Coyne & Sogei (Kariba) 
(Private) Limited. The mechanical and electrical con- 
sultants are Messrs. Merz & McLellan. All the work 
is running to schedule despite the serious floods of 
570,000 cusecs which caused extensive damage to 
the civil-engineering works in 1958. In point of fact, 
the first parts of the No. 1 turbine were brought into 
the turbine house on March 17, 1958, a fortnight 
ahead of schedule. Impresit Kariba (Pvt) Limited 
were the main contractors for the civil-engineering 
work and The Cementation Co. Ltd. were respon- 
sible for the left-bank cofferdam and the diversion 
tunnel, preliminaries which greatly assisted the future 
work. In point of fact, the work accomplished by The 
Cementation Co. Ltd. involved the expenditure of 
£3,500,000 and included a site investigation in 1952, 
site roads, workshops, stores, camp and ancillary 
buildings—the latter being carried out in association 
with John Laing & Son Ltd. The main contractors, 
Impresit, also awarded The Cementation Company a 
contract for drilling and grouting the main dam cut-off 
curtain, contraction-joint grouting, treatment of 
underground structures and the construction in Col- 
crete of the foundations for the second-stage circular 
cofferdam. Overlooking the dam, the £3,500,000 
Kariba township accommodating 10,000 people, com- 
plete with schools, churches, power, water and sewer- 
age services, was completed by the Costain Group of 
Companies in only 15 months. 

The Kariba dam and power station were fully 
described in our January and February 1958 issues in 
a specially written article by Sir Alexander Gibb & 
Partners. 


Kariba Oil-Filled Cables 


THE design of the 330 kV Kariba cables, which 
were ordered by Messrs. Merz & McLellan, consult- 
ing engineers, from British Insulated Callender’s 
Cables Limited, was decided to a great extent by the 
unusual route conditions. From the terminals of the 
transformers situated in the underground transformer 
room, the cables are laid in sand-filled troughs and 
travel through a horizontal tunnel for about 240 ft. 
before being raised up a 540 ft. vertical shaft. At the 
surface the remainder of the route is over steeply ris- 
ing ground to the switchyard. The cables are arranged 
in three groups with one spare cable per group. The 
specified current is 500 A, which is equivalent to 285 
MVA, and which requires a conductor area of 0-85 
sq. in. of copper. A major operation during the manu- 
facture of the cables was the application of the insu- 
lating paper, which was built up to a thickness which 
greatly exceeded anything previously supplied. The 
whole of the insulating process was carried out in a 
sealed enclosure in which the temperature and relative 
humidity were closely controlled to give precise uni- 
formity to the finished dielectric. The hydraulic design 
of the cable and the method of jointing adopted were 
unusual because of the high hydrostatic pressure 
(250-300 Ib. per sq. in.) at the bottom of the shaft. 
For jointing the sealing end at the shaft bottom the 
cable was drained and the jointing was completed. On 
being reimpregnated on site, tests showed that the im- 
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pregnation was certainly not inferior to that obtained 
during manufacture.. 

Kariba lies within an area of severe lightning 
storms and this has necessitated an impulse test to 
withstand levels of 1,500,000 V on the part of the 
cables and accessories; actually the cable failed at a 
peak voltage of 1,720,000 V. Other tests included 
power factor/voltage test, power factor/temperature 
test, bending test, internal oil pressure test, and dielec- 
tric thermal resistance test. All of these tests were 
completed satisfactorily. 


Kundah Hydro Project 


OWER production has commenced in the Kundah 
scheme (under execution with Canadian aid) with the 
commissioning of one of the two units, adding an in- 
stalled capacity of 20,000 kW to the Madras grid. The 
two power houses in the first stage of the scheme will 
be commissioned before March 31, 1961. The per 
capita consumption of power in Madras State is 42 
kWh while the all-India average is 30 kWh. With the 
addition of Kundah power, Madras is expected to in- 
crease to 62 kWh. The Kundah project is one of the 
largest hydro-electric schemes and is the sixth under- 
taken in Madras under the Second Five-Year Plan. It 
was inaugurated on June 29, 1956. The project is 
assisted by the Canadian Government under the 
Colombo Plan by the supply of machinery and equip- 
ment to the tune of 25,000,000 dollars. The two power 
houses of the project, when completed, will add an 
installed capacity of 180,000 kW to the State grid. 


Commission of Victoria Annual Report 


THE 40th annual report of the State Electricity 
Commission of Victoria gives an account of power 
production and development, balance sheet and other 
activities of the Commission for the year ending June 
1959. The report includes several] statistical tables 
with comprehensive details of generation, transmis- 
sion and distribution of power in the territory. On 
hydro-electric power, the report mentions that the 
Rocky Valley dam in the Kiewa hydro-electric 
scheme is virtually operational, while the excavations 
for the underground McKay Creek power station have 
already been completed, with two of the six 16 MW 
turbo-generators to be commissioned in the winter of 
1960. A 330 kV transmission line came into service 
from Dederang to River Murray, linking Victoria 
with the Snowy Mountains and providing an im- 
portant power interchange link between Victoria and 
New South Wales. Electrification of the State was 
carried still further and domestic consumption in- 
creased by 153 kWh to an average of 2,516 kWh per 
consumer. 


U.S.S.R. High-Voltage Testing-Equipment 
Order 


An order worth over £300,000 for high-voltage test- 
ing equipment has been placed with Ferranti Limited 
by the U.S.S.R. The equipment, which will be used 
in testing high-voltage cables, includes two d.c. 
testing equipments, one giving an output of 2,000,000 
V; six a.c. testing equipments including one with a 
rating of 3,000 kVA at 1,500,000 V and another with 
a rating of 4,500 kVA at 750,000 V; one 3,600,000 V 
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impulse generator and other smaller items. This is 
the largest contract for high-voltage testing equipment 
of this type ever placed with a British manufacturer. 
The contract was negotiated through v/o Machino- 
import of Moscow. 


Uganda Annual Report for 1959 


THE twelfth Annual Report of the Uganda Electric- 
ity Board, covering the year to December 31, 1959, 
reveals further substantial progress in all directions. 
Revenue increased by some £275,000 to just under 
£1,670,000; over 3,700 new consumers were con- 
nected, making a total of nearly 28,000; electricity 
sales, including the bulk supply to Kenya, leapt 25% 
to a total of 315 million units; and 491 miles of new 
line was commissioned. The year saw the commission- 
ing of the eighth set at Owen Falls power station and 
the total installed capacity is now 120 MW out of an 
ultimate installed capacity of 150 MW. By the end of 
the year, approximately 95% of the total ultimate 
capital cost of the hydro scheme had been paid. When 
the station is finally completed, it is estimated that it 
will have cost £16} million, including capitalised in- 
terest. This is equivalent to £110 per kW installed, 
which compares favourably with many post-war 
hydro-electric stations in other parts of the world. 
A preliminary design was prepared by the Board’s 
consulting engineers for a 180 MW hydro-electric 
scheme at Bujagali, 44 miles downstream from Owen 
Falis and discussions took place with the Kenya 
Power Company regarding the next major hydro- 
electric development in East Africa. 


Power for Aluminium 


In the course of their Thirty-Second Annual Report, 
Aluminium Limited state that the end of 1959 
marked the completion of a ten-year programme of 
construction facilities for aluminium production in 
Canada which has more than doubled Alcan’s gener- 
ating capacity within a decade. In 1950 the installed 
generating capacity was 2,040,000 h.p., but today it 
has reached 4,650,000 h.p. 

The Chute-des-Passes station on the Peribonka 
River, described in our May and June 1959 issues, 
was completed in three years and contains five 200 
h.p. generating sets, believed to be the most powerful 
in the world. When operated in conjunction with the 
other plants of the Saguenay system it increases the 
Company’s firm-power capacity by 700,000 h.p. and 
will permit the installation, when required, of more 
than 100,000 tons of additional smelter capacity. 

The Kemano station in British Columbia has a pre- 
sent installed capacity of 1,050,000 h.p., sufficient to 
support aluminium production at Kitimat of 300,000 
tons per annum. 


Indo-Nepalese Pact on Gandak Project 


THE Government of Bihar has sanctioned a sum of 
Rs. 10,000,000 for expenditure over the first stage of 
the Gandak project during 1960-61, the concluding 
year of the Second Five-Year Plan. The project en- 
visages the construction of a dam across the Gandak 
River at Bhainsalotan and canal systems in Nepal and 
India, Half the length of the dam will fall in Indian 
territory and the other half in Nepal. Investigations 
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have disclosed that the river has large irrigation and 
power potential which can be harnessed for the com- 
mon benefit of Nepal and India. The entire project is 
expected to cost Rs. 400,000,000. 

All works in the territory of Nepal will remain the 
property of and be operated and maintained by the 
Government of India. A power station will be 
located in Nepal territory, expected to cost over 
Rs. 20,000,000. The Government of India will hand 
over the power house as a gift to Nepal when the load 
in Nepal’s demand reaches 10 MW of firm power at 
60% load factor. After the transfer, India will get 
secondary power over 10 MW for 15 years. In order 
to facilitate the utilisation of the power in Nepal, the 
Government of India will construct a transmission 
line from the power house in Nepal to Raxaul in India 
at a cost of Rs. 12,500,000. The entire project will be 
administered by the Government of Bihar under the 
Kosi Project Department. 


Beas Project, Punjab 


THE Punjab Government has submitted to the 
Government of India a comprehensive note on the 
Beas project which consists of two parts. The first 
part comprises a diversion dam near Mandl, a Beas- 
Sutlej link, a reservoir at Suketi and a power house at 
Dehr, all in Himachal Pradesh. The second part con- 
sists of a dam at Pang in the Punjab with a storage 
capacity of 5,500,000 acre ft. and a power house with 
an installed capacity of 150 MW. 

The World Bank is said to have agreed to consider 
favourably India’s request for help for implementing 
the Beas project. The project as now submitted by the 
Punjab Government is expected to cost over 
Rs. 2,000,000,000. Benefits accruing from this project 
by way of irrigation and power will be shared among 
the States of Punjab, Rajasthan, Jammu and Kashmir 
and Himachal Pradesh. 


Loch Awe Civil-Engineering Contract 


THE Mitchell Construction Company have been 
awarded a contract by the North of Scotland Hydro- 
Electric Board for the construction of a barrage, in- 
take, small power station and certain ancillary works 
on the River Awe, near Taynuilt, Argyllshire, in con- 
nection with the Loch Awe hydro-electric scheme. 
The Awe barrage at the mouth of Loch Awe will 
regulate the flow from the loch down the River Awe. 
To facilitate the movement of fish between the river 
and the loch, a fish pass will be incorporated in the 
structure and there will be a small generating set to 
produce power from the water released down the 
river. The intake will be at the barrage and will lead 
water into a three-mile tunnel, being driven through 
a shoulder of Ben Cruachan to the Inverawe power 
station near where the River Awe enters Loch Etive. 


Inverawe Turbine Contract 


F OR the Inverawe section of the Loch Awe project, 
Bovirg and Co. Ltd. are supplying the vertical-shaft 
Kaplan turbine, rated at 40,500 h.p., designed for a 
head of 98 ft. and having an inlet diameter of 164 ft. 
This turbine, with five stainless-steel blades, will 
weigh 50 tons, and is designed to operate at 167 r.p.m. 
The Inverawe station will be commissioned in 1962. 
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Fig. 1. Map showing the development of the Rhéne from the Swiss border to the Ardeche river 
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Fig. 2. An upstream aerial view of Henri Poincaré power station 


The Rhone Valley 


A description of the multi-purpose development of the 

Rh6ne between the Swiss frontier and the Mediterranean 

with particular reference to current schemes in the middle 
third of the Lower Rhone 


PART 


N this series of articles, we propose to describe the 
] pee stages of the vast multi-purpose develop- 

ment of the Rh6ne valley, with particular reference 
to the middle third of the lower section of the river. 
Since time immemorial, the Rhéne has been one of 
the main arteries of communication in France and 
has also irrigated great areas of semi-arid territory. 
Although this integrated development has the princi- 
pal aim of making more power available, improved 
navigational and irrigation facilities, flood protection 
and water supply are byproducts of almost equal im- 
portance. 

For many years past, the production and consump- 
tion of electrical energy in France has increased by 
8 or 9% per annum, corresponding approximately to 
a 100% increase every eight years, and it is estimated 
that, at the current rate of industrial expansion, the 
demand will be from 102 to 110 milliard kWh by 
1966. If this demand is to be satisfied, thermal, 
nuclear and hydro-electric plant will have to be in- 
stalled wherever and whenever possible, although the 
position has been eased by the important discoveries 
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of large reserves of natural gas in south-west France 
and of oil in the Sahara. Nuclear generation 1s ex- 
pected to provide 5 milliard kWh by 1965 and 50 mil- 
liard kWh by 1975, but although Electricité de 
France is now building a nuclear power station at 
Chinon in the Loire Valley, full-scale and economical 
nuclear generation is still a matter of probability 
rather than certainty because so much technical pro- 
gress still has to be made in this relatively young 
science. France is not a major exporting country and 
her prosperity must to some extent depend on limit- 
ing imports, not only of raw materials and consumer 
goods, but also of energy. While research and ex- 
perience in nuclear engineering continues, all avail- 
able hydro-electric resources are of prime importance, 
and the Rhdéne has thus become one of the keys to 
the future prosperity of the country. 

A complete development of the Rhéne entails a 
river length of 450 km. from the Swiss frontier to the 
town of Beaucaire some 55 km. from the Mediter- 
ranean and will involve a total of 19 separate units, 
seven of which will be on the Upper Rhéne upstream 
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from Lyon and 12 downstream. Five major develop- 
ments are either in service or under construction (see 
Fig. 10) in the central section of the Lower Rhone, 
which, when completed, will increase the available 
peak-load power by 250 MW for a 4-hour period. 
The 19 power stations will have a total capacity of 
2.900 MW and will produce 15 milliard kWh. About 
40% of the hydro-electric potential is already in ser- 
vice through the completed schemes at Génissiat (see 
WATER Power, December, 1952, p. 466) and Seyssel 
in the upper reaches of the Rhdne, and Donzére- 
Mondragon (see WATER Power, January. 1953, p. 30) 
and Montélimar in the middle third. 

By an Act of Parliament dated May 27, 1921, the 
Compagnie Nationale du Rhdéne (C.N.R.) was en- 
trusted with the development of the Rhéne from the 
three main points of view of power, navigation and 
agriculture. The company undertook the first step in 
harnessing the Rhéne by building the dam and power 
station at Génissiat of 420 MW capacity and produc- 
ing 1,700 million kWh annually, and the Seyssel com- 
pensation basin, followed by the Edouard-Herriot 
docks at Lyon. The C.N.R. then commenced the de- 
velopment of the central section of the Lower Rhéne 
between the confluences of Isére and Ardeche and 
covering a length of 110 km. between Touron and 
Mondragon. 

The preliminary studies of the central section 
showed almost immediately that the nature of the 
terrain and the number of towns and villages in the 
valley would make it impracticable to build high 
dams across the valley, because such a solution would 
have entailed the loss of very large areas of valuable 
agricultural land and the exodus of many widely 





distributed centres of population. A possible solu- 
tion might have been to build a series of dams across 
the river bed with high retaining walls extending from 
each dam upstream to form a storage reservoir, but 
this type of development would have involved 
enormous expenditure without providing any satis- 
factory flood control. The final plan adopted provides 
for interdependent chains of dams, diversion canals 
and power stations at suitable intervals along the 
river, and, apart from obvious local differences, all 
the sections cf the Lower Rhone will ultimately re- 
semble each other. 

Seasonal regulation of the discharge is difficult, but 
some control can often be maintained on a weekly or 
daily basis, particularly in view of the Génissiat in- 
stallation which can pass 750 cu. m. per sec. at peak 
periods. It will eventually be possible for the power 
stations at Seyssel, Chautagne, Belley and Brégnier- 
Cordon to pass peak discharges of 600 cu. m. per 
sec.; the peak discharge at Sault-Brénaz will be re- 
duced to 500 cu. m. per sec., but the power station 
farther downstream will benefit from the additional 
discharge of the river Ain and will have a maximum 
flow of 700 cu. m. per sec. 

Three power stations, at Pierre-Béni:e, Bourg-les- 
Valence and Vallabrégues. wili all have large storage 
reservoirs, and it is anticipated that the discharge 
available, reinforced by the former two, will be com- 
pensated by the Vallabrégues development when the 
scheme is finished. However, in the meantime, dis- 
charge through the power stations will have to depend 
on the amount of compensation flow required to 
maintain normal navigation upstream of undeveloped 
sections. 





Fig. 3. Upstream view of Donzére power station showing canal lock and tailrace 
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Three power stations, at Pierre- 
Bénite, Bourg-les-Valence and 
Vallabrégues, will have large stor- 
age reservoirs, and it is antici- 
paied that the discharge available, 
reinforced by the former two, will 
be compensated by the Valla- 
brégues development when the 
scheme is finished. However, in 
the meantime, discharge through 
the power stations will have to 
depend on the amount of compen- 
sation flow required to maintain 
normal navigation upstream of 
undeveloped sections. 

In contrast to the lower part of 
the river, the Upper Rhone has 
never been a practicable proposi- 
tion for vessels of any size, and it 
will only become navigable when 
the hydro-electric development of 
the section between Lyon and the 
Swiss frontier is further advanced. 
However, as those who have made 
the interesting but harassing jour- 
ney through inland waterways 
from Le Havre to Port St. Louis 
will know, a passage up or down 
the Lower Rhone is not always 
uneventful. Although navigation 
is often difficult during long 
periods in the summer, schemes 
have to be completed with as little 
interference to river users as pos- 
sible. This fact has greatly influ- 
enced the programme established 
for the development south of 
Lyon, but projects upstream from 
the city have been undertaken 
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purely from the standpoint of 
hydro-electric potential. There 
were a number of reasons for the 
decision to develop the middle 
third of the Lower Rh6ne first. There are shoals and 
sandbanks throughout the course from Lyon to the 
Mediterranean, but a more efficient regulation of the 
discharge from Lake Léman (Lake of Geneva) would 
alleviate this difficulty in some places, and, in any 
case, the conditions have been greatly improved by 
the power stations already in service. The gradient of 
the Rh6ne fluctuates considerably, and there is a par- 
ticularly strong flow in the middle section which 
makes upstream navigation difficult and occasionally 
perilous; the power required for propulsion is usually 
calculated as 1 metric h.p. per ton, but commercial 
users have been obliged to operate specially built 
craft which are uneconomical outside this section or 
on the Saéne. It is for this reason that it has been 
unusual in the past for commercial craft to ply from 


Fig. 4. Development of the final section of the Rhéne 


the Mediterranean up to Chalon-sur-Sa6éne and be- 
yond; thus, with the improvement of the middle sec- 
tion the benefit to navigation will be immediate and 
the future of transport on the Rhéne and Sadne 
assured. 

The Compagnie Nationale du Rhone is following 
a well-defined programme for the development of the 
entire Rhéne valley; as already mentioned, the Génis- 
siat-Seyssel project was the first major step, because 
the 420 MW plant is in a key position between the 
heavily populated Paris region and the south east. 
The second stage, covering the middle third of the 
Lower Rhone, is now in the course of development, 
and the power stations at Donzére and Montélimar 
are already in service with a total installed capacity 
of 570 MW. Of the remaining three units in the middle 
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Fig. 5. A section of the lock at Henri Poincaré station 
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in the Montélimar section 
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Fig. 6. A section of the discharge spillway at the Henri Poincaré power Station 


third, Baix-Le-Logis Neuf was commenced in 1957, 
and the others will be started at two-yearly intervals 
as shown in Table I. An extension of the Upper 
Rhone project is at present in the planning stage, and 
this will provide further power stations at Chautagne 
and Belley; concurrently with these schemes, studies 
are in progress on projects at St. Vallier and Le Péage 
on the Lower Rhone. A further complex develop- 
ment is planned at Pierre-Bénite, just south of Lyon, 
which, when it is in service, will greatly ease conges- 
tion in the Sa6éne ports and at the confluence of the 
Rh6éne and Sadne. Although it was originally in- 
tended that this project should be included in the 
current five-year plan, lack of finance has un- 
fortunately enforced a postponement. 

The southernmost development of the central third 
is Donzére-Mondragon, and has already been de- 
scribed with the André Blondel power station in 
WATER Power, January, 1953, p. 30; a brief account 
may be given here, however. The chain of schemes in 
each section of the Lower Rhdéne will be developed 
from south to north so that Donzére is the first essen- 
tial link in the middle third and has served as a proto- 


type for all present and future multi-purpose projects 
south of Lyon. 


Donzére-Mondragon 

This scheme consists of a dam across the Rhéne, 
just downstream of the small town of Donzére and of 
a historical defile bearing the same name, with an in- 
take on the left-hand side of the river. A 28 km. canal, 
comprising 17-3 km. of headrace and 10-7 km. of tail- 
race, bypasses the river over a length of 31 km. The 
average gross head is 23-4 m. and the net head about 
22 m. 

The weir has six openings, closed by rubber-sealed 
tainter gates, the largest of which is 45 m. wide, pro- 
viding a passage large enough to allow navigation, 
while the remaining five are each 31-5 m. wide. All 
the tainter gates are of unusual design and are fitted 
with a tilting upper leaf having a maximum course of 
1:75 m.; the largest unit can be raised 15 m. above 
the sill. The normal water level at the weir is 58-00, 
which is 5-6 m. above the former low level for a dis- 
charge of 560 cu. m. per sec.; normal flood level is at 
elevation 56°85, corresponding to a discharge of 3,950 











TABLE I 
se : . 
Name Height of fall Installed capacity Annual power 
production 

| m. MW million kWh | _ —* 
Donzétre-Mondragon ... 24 300 2,000 In commission 
Montélimar es ea! a oil 18-50 285 1,700 | In commission 
Baix-Le Logis Neuf ... sie =m 13 200 1,200 In course of con- 

struction 
Beauchastel = : “ial 13 200 1,200 Projected 
Valence Jes saul 11-50 170 1,000 Projected 
Total for the middle third of the Lower! 
Rhéne ee ae Mee ats mn 80 1,155 7,100 
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cu. m. per sec. 

The original draft design for 
the Donzére project placed the 
power house much farther down- 
stream than it now stands, but, 
because of exceptionally poor 
quality rock, the site was subse- 
quently moved upstream to a 
point where hard sandstone offers 
a sounder foundation. The ma- 
chine hall is a spacious and im- 
pressive building, 184 m. long, 17 
m. wide with the main floor at 
elevation 41-70 m.; the equipment 
includes six Kaplan turbines each 
developing 70,000 h.p. and dis- 
charging 255 cu. m. per sec. Each 
turbine is directly coupled to a 
50,000 kW generator operating at 
107 r.p.m. At the transformer 
station, several hundred metres to 
the west, the voltage is stepped up 
to 60 kV for use on the Paris- 
Lyon-Marseilles railway, and to 
220 kV for transmission to the 
French grid. 

On the upstream side of the 
power-station building, an articu- 
lated sluice gate of unusual design 
has been provided for emergency 
closure. When in the lifted posi- 
tion, this gate lies in a semicircle 
over the ganiry used for moving 
the gate from one turbine intake 
to another. It closes by gravity 
against full pressure, and stoplogs 
fitting in the steel piling upstream 
of the trashracks can then be 
closed under balanced pressure. 








Fig. 8. Machine hall of Henri Poincaré station 


There is only one emergency sluice gate for the six the formation of translatory waves at total shutdown, 
turbines, this being moved to each turbine as required. and although the latter has occurred on three oc- 

The tainter gates are electrically connected to the casions in three years, any effect has been short-lived 
turbines and operate synchronously with the opening and has in no way interfered with normal naviga- 
or closing of the guide vanes. This system prevents _ tion. 





Fig. 9. The Rochemaure storage dam with the entrance to the diversion canal in the right background 
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Fig. 10. Development of the Lower Rhone central section, 
showing two stations in service, two projected and one 
under construction 
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All structures at the André Blondel power 
station reach an elevation of 60 m. or higher, 
and the same applies to the dams on both sides 
of the headrace canal. These structures are, 
therefore, above the normal water level of 58 
m. and there is thus no need for any supple- 
mentary regulation of the discharge at the 
canal intake. The Donzére-Mondragon tailrace 
has been designed for a mean flow velocity of 
1:5 m. per sec. when the discharges of the 
Rh6ne and the diversion are 1.590 cu. m. per 
sec. and 1,530 cu. m. per sec. respectively. 
Under these average conditions the width of 
water is about 125 m. and the maximum depth 
about 12 m 

The next two stages of the central develop- 
ment are those at Montélimar and Baix Le 
Logis Neuf, the latter of which will be des- 
cribed in the next article. The Beauchastel and 
Valence projects have not yet begun, but the 
detailed planning has been completed. and 
when they are eventually in service the full 
potential of the middle section will have been 
exploited. It is still too early to say which sec- 
tion will be underiaken next. but finance per- 
mitting, it seems probable that the upper third 
just sonth of Lyon would provide the greatest 
benefit by alleviating congestion at Lyon itself 
and modernising overworked and out-of-date 
facilities that already exist. 


Montélimar 
Work on the next stage upstream of Don- 


zere-Mondragon, at Montélimar, be gan early 
in 1954 and concerns the Rochemaure dam at 
Rochemaure and the power station at Chateau- 
neuf-du-Rh6ne, which first went into service 
in July, 1957. This station has been named 
Henri Poincaré, after the great French mathe- 
matician, astronomer and physicist, Jules 
Henri Poincaré. 

This development is between the confluence 
of the Rh6éne with a tributary, the Escoutay, 
and Rochemaure, a few miles north of Monté- 
limar. Constructional work was preceded by 
very thorough geological studies, and it was 
found that in the defile near the village of 
Homme d’Armes, the river passed over an 
area of Urgonian limestone, but that fissures in 
the rock had never become blocked by sedi- 
ment; as a result. a plain extending 5 km. 
downstream from ihe defile up to Montélimar 
was inundated at every flood discharge. On the 
left bank, a retaining wall had to be provided 
to connect the Rochemaure dam to hills just 
downstream of 'Homme d’Armes and it was 
feared that the storage reservoir thus formed 
would cause constant floods over the plain. 
This difficulty has been overcome by a com- 
plicated system of drainage ditches leading 
back into the Rhéne, and these have proved 
adequate in preventing excess seepage. The 
diversion canal presented problems of a dif- 
ferent nature; the course planned originally 
passed through sections of hard rock, and a 
winding path was necessary to avoid them. 
Unfortunately, the path now crosses an area 
of poor-quality fissured limestone which 
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extends under the main river, 
and it has, therefore, been neces- 
sary to line the canal in this 
section to prevent drainage back 
into the Rhéne. Elsewhere, nor- 
mal silt deposits carried by the 
Rhéne form a natural lining 
which prevents seepage. 

The diversion canal is de- 
signed for a discharge of 1,850 
cu. m. per sec. at an average 
speed of 1-30 m. per sec. The 
headrace is 11-8 km. long, with 
a water surface width varying 
between 155 m. and 200 m. and 
a mean depth of 10 m. The tail- 
race is 1-8 km. long, the width 
at the waterline being between 
180 and 220 m. with a depth 
fluctuating between 5 and 12 m. 

The cost of a dam on a run- 
of-river development must ob- 
viously depend on the number 
and width of the passes provided 
and on the type of gate used. 
The price of the gates increases 
as the square of their span and 
the cost of a complete installa- 
tion must, therefore, rise very 
rapidly as the width of pass in- 
creases. At the Rochemaure 
dam, where the sluices are 26 
m. wide, two-section lifting- 
roller gates have been found 
more satisfactory than the tainter 
gates used at Donzére. 

Some distance south of Monté- 
limar, the diversion canal cuts a 
tributary of the Rh6ne, the river 
Roubion. This tributary has a 
catchment of about 600 sq. km. 
and a maximum flood discharge 
of 900 cu. m. per sec. The Rou- 
bion has been permanently 
diverted and now normally dis- 
charges into the canal, but a 
spillway and two syphons have 
been built along the left bank of 
the canal in order to make it 
possible to separate the Roubion 
from the canal when it appears 
necessary to empty the river. In 
that case the Roubion regains 
its true course through the 
syphons, and the spillway is then 
dry. 

The Henri Poincaré power sta- 
tion, an aesthetically pleasing 
structure, is situated on the left 
bank of the canal with the navig- 
able locks on the right. Six Kap- 
lan turbines are installed under a 
head varying between 10 and 19 
m.; at a mean head of 16-5 m. 


Fig. 11. A detailed plan of the 
Montélimar section in the de- 
velopment of the river Rhéne 
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Fig. 12. A view of the transformers in Henri Poincaré power station 


and a discharge of 315 cu. m. per sec., each unit de- 
velops 62,500 h.p. Normal operating speed is 94 
r.p.m., and the alternator capacity at this regime is 
45 MW and 50 MVA. Three of the units are SFAC- 
KMW turbines with Schneider-Westinghouse alter- 
nators; of the remaining three, two were manufac- 
tured by Neyrpic and one by Alsthom-Charmilles, 
the alternators being by Alsthom in each case. Each 
of the three thrust bearings in the Alsthom units has 
10 bearing pads lubricated at a pressure of 250 kg. 
per sq. cm. from a central supply tank. 

The design of the André Blondel station in the 
Donzére development precluded any contiguous fore- 
bay immediately downstream of the main structure. 
However, the same has not applied at Montélimar 
and the transformer bay is thus situated immediately 
outside the station. Power produced at 10-5 kV is 
stepped up to 225 kV by 50 MVA three-phase trans- 
formers connected by oil-filled cables to a switching 
station a few hundred metres further south. Average 
annual output of the Henri Poincaré power station is 
estimated at 1,670 million kWh, of which approxi- 
mately 50% is produced during the winter months. 
The sixth and final unit went into service early in 
1959. 

In view of previous references in this article to the 
importance of navigation on the Rh6ne, a brief de- 
scription of the lock may be of interest. This struc- 
ture is 195 m. long and 12 m. wide and closely re- 
sembles the St. Pierre lock at Donzére-Mondragon. 
Although a single lock only has been provided, there 
is sufficient space for each-way traffic if the need 
should arise in the future. There are, in fact, only 
two main differences between the locks at Chateau- 
neuf and St. Pierre, namely the differences in head 
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and in the type of side-walls. At Chateauneuf, the 
foundation rock was much softer and 25 m. walls 
were required. The semicircular upstream gate is 
higher than that installed at St. Pierre due to the wide 
variations in level, but the downstream structure is 
identical to its counterpart at Donzére. Both the ad- 
duction and drainage systems are of similar design to 
St. Pierre. However, an economy has been made by 
fitting square instead of circular aqueducts, and these 
have been designed so that the rise and fall at maxi- 
mum head are the same as at Bolléne; for these two 
locks, the speed of intake is thus inversely propor- 
tional to the head. 

The next article will be devoted to a comparison 
between the Donzére and Rochemaure dams as well 
as a description of Baix-Le Logis Neuf, a scheme 
which in very many respects closely resembles _ its 
nearest downstream neighbour, Montélimar. 

(To be continued) 





Philplug Stud Bolts. Expandite Limited, Chase Road, 
London, N.W.10, have issued a leaflet describing their 
stud bolts. Tests made in concrete and brickwork have 
established that the strength of the anchorage exceeds 
that of the masonry or the shear strength of the bolt. 
The apparatus to be secured is placed before the bolt 
is fixed. 


NCK-Rapier Limited. This firm, of 32 Victoria Street, 
London, $.W.1, have issued a four-page leaflet about 
their 205 Skooper which is capable of loading up to 
350 tons per hour. A complete specification is given 
of the machine which has a weight of 164 tons (16,845 
kg.) and has a high gear travelling speed of 2-05 
m.p.h. (3°33 km./hr.). 
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Design Flood Procedures in the 
United States 


This outline of the American trend of thought on the 

estimation of design floods is of special interest in the 

light of the proposals made last year by the Subcommit- 

tee on Rainfall and Runoff of the Institution of Civil 
Engineers, London 


By GORDON R. WILLIAMS, F.Am.Soc.C.E.* 


HE discussions held at the June 2, 1959, meet- 
Tine’ of the Institution of Civil Engineers on the 

subject of design floods for reservoirs reveal that 
British civil engineers share with engineers every- 
where doubts as to how this problem should be 
solved. As the engineer is dealing with complex 
natural phenomena in the fields of meteorology, 
climatology, hydrology, hydraulics, geology, geo- 
graphy, and agronomy, is there any wonder that the 
problem dees not lend itself to a handbook type of 
solution? If the practice of civil engineering in 
general, and hydraulic engineering in particular, is 
reduced to a set of rule curves, the engineer will have 
largely ceased to serve society. The last statement 
does not mean that engineers should not try to de- 
cide upon acceptable criteria and a set of analytical 
procedures, but it does mean that the application of 
such procedures should be tempered by judgment 
and experience and a consideration of the special 
features of each basin, reservoir, and dam. 

It is the opinion of the writer, which is confirmed 
by practice in the United States, that the primary 
concept is to provide for a flood which represents a 
factor of safety over events that have already occurred 
in a basin but which have a reasonable probability of 
occurrence in the future on the basis of a study of 
storms and floods in the general region. The factor of 
safety will vary with the importance of the project 
and with the possibility that failure will cause the loss 
of human lives, endanger health, or be an economic 
catastrophe. Dams and reservoirs might fall into the 
following general classifications: 

1. Major projects of such importance that no 
thought of failure can be tolerated. 

2. Projects, the failure of which would result in a 
serious economic loss. 

3. Minor projects, where structural failure would 
result in inconvenience rather than disaster. 

The general practice in the United States on major 
projects constructed by the Federal government is to 
determine the maximum possible precipitation that 
can occur for various durations of time over an area 
equivalent to the drainage area under consideration. 
This determination is made by the Hydrometeoro- 
logical Section of the Weather Bureau and takes into 
account the geographical position of the area within 
the continent, the sources of atmospheric moisture, 
and the critical thermodynamic and aerodynamic re- 


* Professor of Hydraulic Engineering and Consulting Hydraulic Engineer, 
Department of Civil and Sanitary Engineering, Massachusetts Institute 
of Technology, Cambridge, Mass. 
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lations that are possible. Obviously such a study can 
only be made by highly qualified meteorologists. A 
brief outline of the technical procedures in develop- 
ing the maximum storm was given in a paper by the 
late Merrill Bernard’, a man to whom the hydraulic 
engineering profession owes a great debt for his 
original contributions. Generalised determinations of 
maximum possible precipitation for various sizes of 
areas and for various durations have been made avail- 
able for use by engineers*. More recently engineers 
have preferred to transpose the descriptive adjectives 
and refer to the “possible maximum” storm. Ex- 
perience in recent years has revealed that the original 
term is somewhat presumptuous. 

The Weather Bureau’s determinations of maximum 
storm precipitation have been presented in the form 
of isohyetal maps in which the rainfall shown is ap- 
plicable to specific sizes of area and durations of time. 
Some of the maps have been presented in textbooks’. 
The data on the maps provide means for plotting 
depth-duration curves, but not logical storm sequen- 
ces. The latter can be determined by computing the 
differences between the total depths shown in the 
depth-duration curves and rearranging the resulting 
increments of depth in a pattern which builds up to a 
peak at or slightly before the mid-point of the storm 
duration. The synthetic or design storm does not 
violate the depth-duration curve, which merely shows 
the greatest depth for each duration regardless of 
storm sequence. 

The next step in the design-flood derivation is to 
deduct the expected losses from the storm in ac- 
cordance with the infiltration theory. The net depth 
is called rainfall excess. The concept of a ratio be- 
tween runoff and rainfall is never used as it is so 
variable and is likely to lead to results that are not 
conservative. Appropriate loss rates can only be ob- 
tained from a study of rainfall and runoff in the same 
or similar basins’. It is questionable whether the de- 
rived differences between rainfall and runoff for large 
natural areas represent true infiltration rates that 
would be experienced on small plots, but they form 
a basis for estimating rainfall excess. The term in- 
filtration index is preferable for the computed dif- 
ferences between measured rainfall and runoff. 

The final runoff rates are computed by applying 
rainfall depths less the infiltration index to the ap- 
plicable unit-hydrograph. Unit-hydrographs must be 
derived from records on the river under study or from 
a similar river. Extensive studies have been made in 
the United States leading to correlation of unit-hydro- 
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graph characteristics and to development of “syn- 
thetic” unit hydrographs (see Reference 5, pp. 158- 
178). The unit-hydrograph has been proven to be an 
effective tool over the years, but it has one weakness 
in that the peak discharge tends to increase with the 
magnitude of the flood from which it was derived. 
Thus it is necessary to apply factors of safety to unit- 
hydrographs derived from moderate floods if they are 
to be applied to spillway design storms. There is op- 
portunity for considerable research in this field. 

There seems to be no question but that the rational 
method has no place in deriving design floods for 
natural areas of more than a few acres. If the time of 
concentration could be truly evaluated in natural 
river basins, it is unlikely that critical rates of storm 
rainfall would continue uniformly for such periods 
of time. The peaks of natural hydrographs usually 
occur when the water from the centre of gravity of 
the area is contributing. Rainfall excess from more 
remote areas contributes after the peak rate has 
passed and is considered to continue until the hydro- 
graph shape changes from concave downward to con- 
cave upward (the point of contraflexure). 

It appears to be inadvisable to set up any rules for 
spillway outflow discharges, because each reservoir 
has its own storage characieristics and each dam has its 
own outflow rating curve which may vary with head- 
water and tailwater elevations. The best practice is to 
derive the design flood hydrograph as an inflow flood 
and to route it through the reservoir by use of the 
storage equation. Conservative practice requires that 
the reservoir be assumed to be full to the spillway 
crest as the design flood begins. The storage above the 
spillway crest is called surcharge storage and may 
be quite effective in modifying the inflow flood if the 
length of the spillway can be kept to a minimum and 
the head permitted to rise. In very large projects the 
inflow from secondary tributaries entering directly 
into the reservoir must be considered and even the 
rainfall on the water surface may be a consideration. 

A very important factor in reservoir routing is to 
be sure that the design hydrograph is a true inflow 
flood and not the natural hydrograph derived for 
the dam site. A hydrograph of the latter type may 
have been already reduced in magnitude by passing 
through natural valley storage in the reservoir and 
will not represent the true runoff characteristics at 
the head of the reservoir. On the other hand the main 
river inflow flood may be slightly reduced by a change 
in drainage area, but this effect on the inflow would 
be offset by evaluation of tributary floods as separate 
hydrographs to be added to the total inflow. 

The procedure described above is applicable to 
high dams on major projects where risk of failure is 
unthinkable. It has been argued that the criteria are 
so severe that they constitute an economic burden to 
the project. Even if it were justifiable to weigh human 
lives against monetary expenditures, the claim of ex- 
cessive costs is often not true. With concrete dams 
the cost of an overflow section may not exceed the 
cost of the non-overflow section even if the cost of 
the stilling basin be charged to the former. In earth 
and rockfill dams, the cost of large side-channel spill- 
ways can be offset by using the excavated material 
in portions of the dam. 

In smaller projects, the possible maximum storm 
and flood cannot be readily adopted for spillway de- 
sign for several reasons. One reason is that the maxi- 
mum flood would raise the tailwater so high that the 
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dam would be submerged and failure would not cause 
an appreciable increase in downstream flows. Even 
if the spillway length were long enough to pass the 
maximum flood, the cost of raising the non-overflow 
section and related works above the maximum head- 
water stage would make the project uneconomical, if 
not infeasible. Spillway design criteria for secondary 
and relatively minor projects can be based on some 
of the methods already proposed by the Committee 
on Floods of the Institution of Civil Engineers. 

To paraphrase a familiar line from Pope’s “Essay 
on Man,” the proper study of floods is flood records. 
In other words all possible data from the depth, dura- 
tion, and distribution of storm rainfalls to the ulti- 
mate runoff hydrographs should be analysed as was 
done for the Lynmouth flood of August 1952°. Exten- 
sive studies of this kind cannot usually be undertaken 
on a national scale by private engineers prior to the 
design of a project, so there must be dependence on 
government agencies that have greater resources. 
Studies of this kind that have been carried on over a 
period of many years in the United States are de- 
scribed by Hathaway in a discussion of Reference 2. 
Since 1937 detailed studies of about 550 of the great 
storms in the United States have been conducted in 
a co-operative project between the Corps of Engineers 
of the Army and the Weather Bureau. Prior to the 
work of the Federal government in this field, a similar 
study of 280 great storms was made by a State or- 
ganisation, the Miami (Ohio) Conservancy District’. 
These studies have not only produced a wealth of 
hydrologic data but have formed the basis for deter- 
minations of maximum storm potential referred to 
above. The data have been summarised in single 
sheets with a location map which shows the total 
storm isohyetal lines and a table giving the relation 
between area, depth, and duration of rainfall (see 
sample on p. 375 of Reference 2). The tabular data 
may be used directly to determine a design storm for 
a drainage area in the general region where a storm 
occurred. This is a method of storm transposition 
which was formerly carried out by transposing 
isohyetal patterns over an area and then computing 
the average depth for the area outlined by the drain- 
age boundary. Either method of storm transposition 
leads to the derivation of design storm depths from 
which infiltration losses can be subtracted and the 
net depths applied to the unit-hydrograph to obtain 
the total flood hydrograph. As mentioned before, 
analyses of past floods give a basis for determining 
conservative infiltration rates. The results of storm 
transposition to design areas will usually produce 
flood peak discharges which lie within the conven- 
tional envelope curve of peak discharge versus drain- 
age area unless the drainage area has peculiar charac- 
teristics as revealed by its unit-hydrograph. 

The envelope curve of peak discharges may form 
a reasonably conservative basis for determining the 
peak discharge of an inflow flood for projects of 
secondary importance, but the problem of determin- 
ing the entire hydrograph for routing through sur- 
charge storage is still unsolved. On those projects 
where the surcharge storage is negligible, the derived 
peak discharge could be used to determine the re- 
quired outflow capacity. With or without a flood-rout- 
ing procedure, the most economical length of spillway 
can only be determined by repeated trials. 

Use of a frequency criterion based on an analysis of 
available runoff records is, in the opinion of most 
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hydraulic engineers in the United States, the least 

desirable of all methods for determining spillway de- 

sign flood magnitudes. It is disconcerting to note the 

implicit faith that many civil engineers place in a 

mathematical interpretation of a limited record of 

natural phenomena. Such faith usually stems from a 

need for an answer. Even if frequency were the proper 

basis for establishing factors of safety, the available 
records are not long enough for a precise mathemati- 
cal analysis*. Actual discharge records are generally 
less than 60 years in the United States and are not 
adequate “samples” on which to base an extrapola- 
tion to several hundred years or more. Most mathe- 
matical techniques require that the data have 

a random distribution, yet meteorologic and hydro- 

logic events are not random but are subject to pro- 

nounced cyclical influences. It is not uncommon for 
average river flows to remain below the long-time 
mean for periods of 10 years or more. In fact many of 
the long records in the United States appear to be end- 
ing a downward cycle of about 40 years’ duration. In 
spite of the limitations of flood frequency studies, it 
is often necessary to undertake them in evaluating the 
economic justification for flood protection works, but 
as a method of determining flood potential they are 
not only unreliable but are based on an unsound 
design philosophy. Flood frequency might be applied 
to the design of spillways for small ponds to avoid 
frequent losses. 

The design flood procedures suggested herein can 
be summarised as follows: 

(1) For major projects involving high dams, the spill- 
way design flood should be based on a meteoro- 
logical determination of the maximum precipit- 
able moisture that can be expected in the region 
for different durations of time on an area the size 
ot the drainage basin above the dam. Losses prior 
to runoff should be based on an infiltration index 
determined from a study of great storms and 
floods in the region. The total hydrograph of run- 
off should be developed by applying rainfall 
minus losses to a unit-hydrograph applicable to 
the drainage area. The actual spillway outflow 





capacity should be determined by routing the in- 

flow flood through the surcharge storage. 
(2) Spillway design floods for projects of secondary 
importance should be based on a consideration 
of the most severe storms and resulting floods 
that have occurred in the same or similar clima- 
tic and geographic regions. The principle of storm 
transposition, together with the infiltration and 
unit-hydrograph theories, should form a basis for 
determining complete flood hydrographs charac- 
teristic of the river under study. The actual spill- 
way capacity should be based on routing of the 
flood through the surcharge storage. Envelope 
curves plotted from known discharges are useful 
for evaluating the results of above procedure but 
do not help to determine complete hydrographs 
and do not make allowance for special character- 
istics of individual basins. 
Flood frequency analyses are useful for determin- 
ing frequent floods for the design of flood channel] 
improvements or for the design of spillways for 
small ponds, but are unreliable when used to 
estimate either the maximum probable or even 
major floods in a region. 


(3 


— 


REFERENCES 

Reported under the title “Design Floods,” WATER POWER, 
September 1959, pp. 344-348. 
MERRILL BERNARD: “Primary Role of Meteorology in 
Flow Estimating.” Trans. Am. Soc. C.E., Vol. 109, 1944, 
pp. 311-531. 
* “Generalised Estimates of Maximum Possible Precipita- 
tion.”” Hydrometeorological Bulletin No. 23, U.S. Weather 
Bureau, 1947. 
LINSLEY, R. K., JR., KOHLER, M. A. and Pautuus, J. L. 
H.: “Applied Hydrology.” 1949, pp. 597-604. 
5° CREAGER, W. P., Justin, J. D. and Hinps, J.: “Engineering 

for Dams,” Vol. 1. See Chap. 5, Sections 11 to 65, pp. 

140-207, by G. A. Hathaway and A. L. Cochran. 
® Dossie, C. H. and Wo tr, P. O.: “The Lynmouth Flood of 
August 1952.” Proc. Inst. C.E., December 1953, pp. 
522-588. 
“Storm Rainfall of Eastern United States (revised),”’ The 
Miami Conservancy District, Dayton, Ohio, 1936. 
“Review of Flood Frequency Methods,” Final Report of 
the Sub-Committee of the Joint Division Committee on 
Floods, Trans. Am. Soc. C.E., Vol. 118, 1953, pp. 
1220-1230. 


te 


~ 


« 





I.A.H.R. British National Committee 
Formed 

A British National Committee has been formed, 
under the auspices of the Institution of Civil Engi- 
neers, of the International Association for Hydraulics 
Research. One of its first duties will be to offer to 
organise a Congress of the International body in Lon- 
don. The earliest date is not likely to be before 1965. 
Established in Brussels in 1935, the International 
Association for Hydraulic Research held its first 
meeting in Berlin in 1937. The Eighth Congress, 
summarised in our November and December 1959 
issues, was held in Montreal last year; the next is 
arranged for Belgrade in 1961. 

The British National Committee will consist of 
eleven members. They are: 

Mr. F. H. Allen, Director, Hydraulics Research 
Station; Professor Jack Allen, Aberdeen University: 
Mr. J. Duvivier, Lewis & Duvivier (Consulting Engi- 
neers); Mr. J. T. Evans, British Transport Commission; 
Mr. H. Headland, Kennedy & Donkin (Consulting 
Engineers); Sir Claude Inglis, Formerly Director, Hy- 
draulics Research Station; Mr. E. A. G. Johnson, Minis- 
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try of Agriculture, Fisheries and Food; Mr. H. F. 
Merrington, Rendel Palmer & Tritton (Consulting Engi- 
neers); Mr. L. E. Prosser, British Hydromechanics Re- 
search Association; Dr. D. G. Sopwith, National Engi- 
neering Laboratory; Professor C. M. White, Imperial 
College. 


Comet Process. Rockweld Limited have produced a 
new brochure which describes their recently intro- 
duced Comet process which consists of a semi-auto- 
matic welding with a CO, shielding. Further details 
are obtainable from Commercial Editorial Services 
Limited, 3 Creed Lane, London, E.C.4. 


Continuous Stave Wood Pipe. A new 80-page study 
of the application and manufacture of wood stave 
pipes to penstocks and irrigation lines has been pub- 
lished by Canadian Wood Pipe & Tanks Limited. The 
volume is handsomely illustrated with photographs 
and diagrams, and contains design data and flow 
tables. A limited number of copies are available from 
Canadian Wood Pipe & Tanks Limited, 550 Pacific 
Street, Vancouver 2, British Columbia, Canada. 
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Hydro Power in Canada 


A big growth is foreseen in Quebec and in British Columbia, 
and E.H.V. transmission should effect important economies 


By H. G. COCHRANE, M.E.LC. 


OR the second consecutive year, a record was 
Frestablishea by Canada in the amount of hydro- 

electric generating capacity brought into operation 
during 1959. A total of 2,508,800 h.p. of new capacity 
was added, exceeding the previous record of 2,485,040 
h.p. completed in 1958. Other installations currently 
under construction are expected to add about 
1,700,000 h.p. during 1960, while another 2,300,000 
h.p. of new capacity is either under construction or 
in active prospect for development in succeeding 
years. 

Major installations last year were made by Ontario 
Hydro at its Robert H. Saunders generating station 
on the St. Lawrence, where the nine remaining units 
totalling 675,000 h.p. were placed in service; at the 
Aluminum Company of Canada’s Chute des Passes 
station, Quebec, where three units totalling 600,000 
h.p. were placed in service; and at Hydro-Quebec’s 
Bersimis II station, where three units totalling 513,000 
h.p. were completed. No new power installations were 
completed during 1959 in Alberta, Manitoba, New 
Brunswick, Nova Scotia or P.E.I. 

The total installed capacity of water-power plants 
in Canada is now listed at 24,884,848 h.p., which is 
less than 30% of the feasible turbine installation 
based on the country’s estimated water-power re- 
sources. 

New thermal-electric developments for extensions 
added during the year, mostly in Ontario, British 
Columbia and Saskatchewan, added a further 669,000 
kW. Other thermal installations currently under con- 
struction are expected to add some 4,184,000 kW 
during 1960, 66% of it in Ontario. The growing ten- 
dency towards increased thermal-electric generation 
in various provinces reflects not only the fulfilment 
of rapidly increasing demand for energy, but also the 
benefits of resource conservation brought about by 
the operation of an integrated power system supplied 
by both hydro and thermal-electric plants. 

If this additional thermal capacity of some 669,000 
kW is added, as well as some 3,662,000 h.p. of ther- 
mal capacity in service before 1959, the grand total 
of available power, both hydro and thermal, amounts 
to more than 29 millicn horsepower. 

Hydro installations in Canada’s four maritime pro- 
vinces over the next few years will be modest, ex- 
cepting for some 665,000 h.p. planned in Newfound- 
land. Ontario, nearing the end of its economically 
feasible hydro resources, is concentrating on thermal 
power in the years ahead. Alberta and Manitoba ex- 
pect moderate increases and Saskatchewan none. 
Thus, power development in the provinces of British 
Columbia and Quebec will share the spotlight for 
several years to come. Further away in the future is 
another 94 million h.p. from the Peace River, plus 
the Columbia benefits, and another i2 million h.p. on 
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the Manicouagan and Hamilton Rivers in Quebec and 
Labrador respectively. 


British Columbia 

Interest in large-scale developments in British 
Columbia over the past decade was first centred on 
the Frobisher-Ventures’ Yukon-Taku project. The 
flow of the Yukon at its upper end was to be re- 
versed, joined with other water systems and directed 
through a tunnel from the interior mountains to tide- 
water level, where the generating station would be 
located. Here some 4 million h.p. was to be developed 
for supplying huge metallurgical industries in Northern 
B.C. These industries had to be situated at tidewater, 
however, and the Alaska Panhandle shuts off Nor- 
thern B.C. from the Pacific. Hence the co-operation 
of the United States was required, possibly in the 
form of a corridor through their territory. 

Its feasibility rested primarily on the prospects of 
another vast aluminium production in the far north. 
But the decision by the United States government 
that such a site would be strategically vulnerable 
brought about the alternative of locating the project 
on U.S. mainland territory, which appears to have 
shelved the Yukon project for years to come. Con- 
sequently interest is now focussed upon the pending 
treaty between Canada and the United States for shar- 
ing the downstream benefits of Canadian water stor- 
age on the Columbia River, and also on the $600 
million Wenner-Gren Peace River project in northern 
British Columbia. 


Peace River May Be Deferred 

The Peace River project calls for a 500 ft. high 
storage dam in a canyon 16 miles west of Hudson 
Hope, B.C., forming a 200 mile lake along the Peace 
and its tributaries. This would create by far the largest 
storage project in North America—over 30 million 
acre ft. or six times the storage at Grand Coulee. It is 
part of the Wenner-Gren scheme for developing nor- 
thern British Columbia. 

A decision to commence the first stage of this 4-2 
million h.p. undertaking in 1960 was announced last 
October. This initial stage would develop a million 
horsepower at a cost of some $375 million, with first 
power deliveries commencing in 1966. Cost estimates 
for the ultimate development have ranged up to 
$1,000 million. The cost of power, it has been fore- 
cast, would match or undercut the six-mill price per 
kWh obtaining in the Greater Vancouver area which, 
they claimed, would be cheaper than Columbia 
power. It now appears that Columbia benefits to 
Canada may mean a cost per kilowatt-hour at the 
International boundary of closer to two mills. 

Early this year, two U.S. power companies in the 
Pacific States turned down offers of power from the 
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Peace River at a quoted price of 54 mills per kWh. 
W. C. Mainwaring, President of the Peace River 
Power Co., stated the timetable for the initial stage 
had been set back two years as a result. But by 
eliminating the export of power his company would 
avoid the possibility of federal intervention, he said, 
which might delay a start on the project. He still 
hoped to start construction in 1960, with target date 
for supplying Vancouver and Southern Vancouver 
Island eight years ahead. It was recently predicted at 
Victoria, however, that the Wenner-Gren interests 
would probably drop the project this year and forfeit 
their half-million dollar performance bond, as well as 
the $5 million spent on surveys. 


The Columbia River Agreement 

In mid-December it was announced that the Inter- 
national Joint Commission had recommended that 
downstream benefits of the 1,225 mile West Coast 
Columbia River be shared on a 50/50 basis between 
the two countries. This basic proposal was hammered 
into a “final draft of principles,” which the [JC 
would shortly submit to the central governments. 
Other proposals, stated or implied in the draft, pro- 
vided that “ Canada is to get a cash payment for flood 
control measures which would prevent flood damage 
on the U.S. side; Canada would not give up the right 
to divert Columbia waters for future power projects 
of her own, but would be morally bound not to divert 
any waters that would interfere with any joint agree- 
ment.” 


Negotiations for a Treaty 
Negotiations with the United States for a treaty 
concerning co-operative development of Columbia 





power took place in Ottawa on February 11-12. Both 
sides were convinced that the other side seriously in- 
tends and expects to reach agreement, though it was 
realised there was much to do prior to the next meet- 
ing in Washington. That both sides want agreement 
on the basis of the principles set out by the Inter- 
national Joint Commission was a big step forward 
from earlier negotiations. 

Each country wants to have its vital interests 
spelled out in treaty form to give them the most 
solemn and binding force. Both sides want to com- 
plete their agreement by the earliest possible date, 
but doubt remains as to whether the treaty can be 
drafted in time for consideration by the 1960 Con- 
gress. A treaty requires ratification by a two-thirds 
majority in the U.S. Senate. 

There have been threats in Congress that attempts 
would be made there to combine discussion of the 
Columbia with two other vital issues affecting U.S. 
Canadian relations, namely pilotage requirements for 
foreign shipping on the Great Lakes, and increased 
diversion of Great Lakes water from Lake Michigan 
at Chicago. Local and regional interests cut across 
each other in support and opposition to each other. 
The former, conforming to Canada’s desires, has been 
introduced in the Senate, while the latter was ap- 
proved last year by Congress but was shelved by the 
Senate Foreign Relations Committee, and was also 
facing a probable third veto by the President. 


Twice the Storage for Half the Cost 

The Ottawa view, more optimistic than Washing- 
ton’s as to the signing of the treaty, is based on (a) 
the urgent power needs in the Pacific Northwest 
States, and (b) the great cost advantage to them of 
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having the Columbia floodwaters stored in Canada. 
Northwest States would get immense economies, re- 
turning half the extra power generated from Canadian 
storage. They would get more than twice the storage 
they themselves could provide, for less than half the 
cost. U.S. Army engineers assessed possible new stor- 
age at 12-6 million acre ft., costing $1,338 million. In 
Canada, according to the Columbia River Engineer- 
ing Board, possible new storage comes to 26-4 million 
acre ft., costing only $659 million. In other words, 
new at-site power from new dams: U.S. 2,214 MW; 
Canada, 1,968 MW. Overall cost per million acre ft. 
(including associated at-site power), U.S. $106 mil- 
lion; Canada $25 million. Ratio of Canadian to U.S. 
costs 1:4:24. These facts, still not fully realised in 
Congress, are bound to have a sharp impact there. 

Should Congress fail to pass the treaty, Canada 
is still in a strong position. Canada could show that 
there was only one alternative, namely, to fall back 
to the 1909 treaty and develop the Columbia without 
regard to U.S. interests, diverting into the Fraser 
River all but the already committed flow. 


IJC Principles Benefit Both Nations 

“Canada shall operate its storage on the basis of 
an assured plan of operation.” 

That’s the IJC’s first rule. It is the only basis for 
making sure downstream that plants get the maxi- 
mum addition to their dependable capacity, which 
is the first consideration. But this rule is also of value 
to Canada, for Canada’s benefits come in the form 
of half the extra power the U.S. generates. The agreed 
long-term operating plan (IJC power plan No. 2) is 
also of great importance, to assure Canada what re- 
turns it will receive before it commences to build the 
necessary dams and control works. 

But first, it must be determined what “base sys- 
tem” the new regulated flow is to follow, as well as 
in what sequence the new projects are to be credited. 
Canada’s storage credits will be figured according to 
the extra power added. They must be established in 
advance and in a definite order. 


More Hydro is Needed Now 

British Columbia markets for power still trail be- 
hind the markets in Northwestern States by as much 
as a generation. Within 30 or 40 years, all available 
power from British Columbia rivers will be needed, 
but until that time demand is too small to justify 
Canada spending a billion dollars for dams, control 
works, generating stations and power lines. It has 
been proposed that Canada should therefore abandon 
its ban on the export of power, taking a chance on 
recovery when needed. 

The IJC plan offers an alternative, providing, as it 
does, a means of meeting U.S. requirements at their 
most critical times without jeopardising Canada’s own 
future supplies. This is done by changing balance be- 
tween hydro, and thermal or nuclear power. By about 
1985 Pacific Northwest States will require almost 
twice the power they can obtain from hydro. By the 
year 2010, power experts claim, some 75% of their 
estimated needs must be supplied from thermal or 
nuclear sources. 

So long as hydro is the main source the maximum 
dependable supply must come from hydro, and the 
function of storage is to even the flow in order to 
carry a higher continuous base load. Once thermal 
power has to be drawn upon to carry a third or more 
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of total output, however, it is more economical to 
use thermal plants for supplying the base load. Hydro 
then is switched on to carry the peaks. By about 1990 
the U.S. interest in the greatest possible use of the 
regulated flow of water from the Columbia will be 
rapidly falling off, while Canada will be increasingly 
interested in obtaining the largest dependable capa- 
city from that flow. 


Quebec 

With completion early this year of the Aluminum 
Company of Canada’s one million horsepower Chute 
des Passes development, the completion late in 1960 
of Hydro Quebec’s 855,000 h.p. Bersimis II develop- 
ment, and the completion of Hydro Quebec’s third 
and final section, containing 10 units of 73,700 h.p. 
each, of its Beauharnois development in 1961, the 
Commission has commenced work on its Carillon 
development 50 miles west of Montreal, where 
840,000 h.p. will be developed on the Ottawa River. 
Studies and surveys are being continued for develop- 
ment of the Lachine Rapids section of the St. Law- 
rance River, particularly with respect to a solution of 
the ice problem. 

Thus interest will soon be centred on the largest 
hydro-electric development ever to be undertaken in 
the Province, the 6 million h.p. project on the Mani- 
couagan River, which empties into the St. Lawrance 
from the north shore near Baie Comeau. This huge 
river drains a watershed of 19,000 sq. miles and the 
normal winter flow averages about 6,000 cusecs; in 
the flood period between early May and mid-June 
peak discharge may be 40 to 50 times the winter flow. 
In 1937 the peak discharge was gauged at 213,000 
cusecs, or as much as the flow in the Niagara River. 
Already some 350,000 h.p. is developed near its 
mouth, 100,000 h.p. in 1951 by Quebec North Shore 
Paper Co., and 250,000 h.p. in 1956 by Canadian 
British Aluminum Co. 

It was announced late in December that a contract 
had been awarded for a 110 mile access highway fol- 
lowing along the Manicouagan River from Baie 
Comeau, the papermill town 220 miles north-east of 
Quebec City. A preliminary estimate sets the ultimate 
cost of the project at more than $700 million. There 
will be four dam sites and four generating stations at 
various river levels. More than a year will be required 
to complete the access highway, and about 12 years to 
complete the entire project. 

Though design is progressing, it is still too early 
for any announcement of a construction schedule, or 
of the sequence and rate at which the development 
will take place. During the four-year period 1958- 
1961 inclusive, almost 44 million additional horse- 
power will have been added to the province’s in- 
stalled capacity apart from the Manicouagan, with 
nearly another million horsepower likely to be added 
in 1962. 


Newfoundland—Labrador 

Surveys and studies of the Hamilton River in Lab- 
rador, carried out between 1954 and 1958, disclosed 
that the area contained the largest single undeveloped 
source of power in Canada. Some 170 miles west of 
Goose Bay, the site at the Grand Falls was investi- 
gated by consultants for the British Newfoundland 
Corporation Ltd. (Brinco). By 1956 it was announced 
that it was feasible to develop power at Grand Falls. 
In 1957 a 106 mile all-weather access road was built 


229 





to the site from mile 286 on the Quebec, North Shore 
and Labrador Railway, and a catwalk and cableway 
was built over the Hamilton River at the site. 

These studies showed that the first stage of the de- 
velopment for 1 million h.p. could be built in four 
years, but a start would have to depend on the find- 
ing of customers, as well as on the feasibility of long- 
distance E.H.V. transmission in order to reach the 
widest possible markets. It was estimated that the 
high-load-factor power from the first stage might cost 
3 mills per kWh at the busbar and that for the further 
projected 5 million h.p. development cost could be 
as low as 2 mills. 

Recently, however, Brinco has announced its deci- 
sion to develop power at nearby Twin Falls. Here, 
120,000 h.p. can be developed for immediate con- 
sumption by Iron Ore Co. of Canada and Wabush 
Iron Co. Work started in May, with completion 
scheduled for 1962. No advantage, the Company felt, 
could be gained by waiting on customers for the 
larger potential of the initial stage at Grand Falls. 
Twin Falls has an ultimate potential of 300,000 h.p.. 
so that the present development can be expanded to 
more than twice its capacity before the immensely 
more expensive development of Grand Falls need be 
undertaken. 

A Brinco subsidiary, Southern Newfoundland 
Power and Development Ltd., will construct an initial 
development of 77,000 h.p. in the Baie d’Espoir area 
of Newfoundland. 


E.H.Y. Transmission in Canada 

Canadian power systems are already partially in- 
terconnected, notably in the Provinces of Quebec and 
Ontario, where the Ontario-Hydro, Gatineau, Mac- 
laren-Quebec, Shawinigan and Aluminum Company 
of Canada, systems are able to exchange power on a 
limited scale. There are also partial interchanges be- 
tween systems in Ontario and Manitoba, and between 
Alberta and British Columbia. Since the recent con- 
version by Ontario-Hydro of all its 25 cycle power to 
60 cycle, however, an ultimate interconnection be- 
tween all power systems by means of extra-high- 
voltage transmission lines is closer to reality. 

At the 1959 convention of the Canadian Electrical 
Association a paper was presented by V. E. Ogorod- 
nikov, High-Voltage Cable Engineer, Ontario Hydro, 
in which he showed that the introduction of nuclear 
power would not eliminate the need of E.H.V. trans- 
mission, and that Canadian money invested in the 
development and construction of such transmission 
would not be lost in the future. Factors in favour of 
E.H.V. transmission arising in the foreseeable future, 
he stated, were: increased cost of imported coal; 
limitation of using coal for power due to its value for 
chemical or other industries; use of long-distance 
transmission to permit utilisation of hydro power re- 
mote from load centres; and the large currency im- 
balance in favour of the U.S.A. aggravated by in- 
creased quantities of coal imports. 

By 1980, predicted the author, estimated available 
waterpower resources could be increased by 24 mil- 
lion h.p. because of the introduction of E.H.V. trans- 
mission, and would be of the order of 90 million h.p. 
This amount (30% in excess of ordinary 6 month 
flow) would cover the 1980 demand, estimated by the 
Gordon Commission at 76 million kW. Many expen- 
sive steam stations would probably not be needed in 
that event. 
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It is evident that a hydro project is preferable to 
costly additions to thermal capacity built to meet peak 
demand, which would remain idle during off hours. 
The changing position of hydro due to increased use 
of thermal energy in Canada should be reflected in 
current designs. Conventional steam plants operate 
most economically on base load. As nuciear piants 
will be still more inflexible, production economy will 
result from using hydro plants with pumped-storage 
arrangements at low load factors to carry peaks. Be- 
cause most hydro plants are located remote from load 
centres, utilisation of hydro storage will require 
E.H.V. power lines able to transmit large amounts 
over long distances. 

Without E.H.V. interconnection, required reserves 
for safe operation should be of the order of 10% of 
the total required capacity, or 7,600,000 kW. This 
reserve would be covered by hydro generating 
stations, the average cost of one kW of which, in- 
stalled, might be assumed at $350. Thus capital re- 
quired for the rotating reserve would be 7-6 million 
times $350 or $2-66 billion. E.H.V. ties between sys- 
tems would reduce the required rotating reserve by 
at least 50% without reduction in safety. This reduc- 
tion would represent a saving of some $1-3 billion. 

The difference of time across Canada is about five 
hours, Mr. Ogorodnikov pointed out, so that theoreti- 
cally, a transmission system to carry a load of 1,000 
MW over 1,000 miles could completely diversify the 
peak load, and would save installation of 5-25 million 
kW for peaks. Taking 75% of this figure based on 
Russian experience, the cost of installed generation 
of 3-925 million kW at $150 would be $590 million. 
Adding this figure to the estimated cost of the rotat- 
ing reserve of $1-3 billion, makes a total of $1,890 
million. If we deduct therefrom the cost of 5,000 miles 
of E.H.V. lines at $80, or $400 million, and the cost 
of the required terminals at $147 million, the expected 
economic saving with an E.H.V. transmission sys- 
tem in Canada compared with separate system opera- 
tion would be $1,890 million minus $547 million, or 
$1,343 million. 

The first stage of the extra-high voltage system 
would interconnect Newfoundland—Quebec-—Ontario 
by a 900 mile line between the Hamilton River and a 
point north of Sudbury, Ont.; from here another 
680 mile line would tie in with projects on the Winni- 
peg River 60 to 80 miles east of Winnipeg. A 480 
mile line would tie the Bridge River area in British 
Columbia with Edmonton, Alberta. 

In the second stage, Manitoba and Saskatchewan 
would be interconnected by a 600 mile line from 
Winnipeg River projects to developments on the Nel- 
son River, while Saskatchewan and Alberta would 
be tied in by a 550 mile line between the Nelson 
River projects and Edmonton. 





Road Vehicle Lubrication is the name given to a 76- 
page handbook just published by Wakefield-Dick In- 
dustrial Oils Limited; it offers a comprehensive guide 
to the commercial operator of both passenger and 
goods vehicles on the proper lubrication of the engine, 
transmission and final drive. There are also chapters 
on chassis lubrication, the effects of faulty lubrication 
and equipment and oil storage. Copies of “Road 
Vehicle Lubrication” are available to readers of this 
journal, free on request to Wakefield-Dick Industrial 
Oils Ltd., Castrol House, Marylebone Road, London. 
N.W.1. 
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Fig. 10. The Tumut I power station showing the control room in the background 


The Tumut I Project 


An account is given of the design and construction of 

the Tumut I project, which forms the second stage in the 

Snowy Mountains scheme and was brought into 
operation in October, 1959 


By B. K. JAGGAR, Resident Engineer 


PART TWO 


ROM the dam to the shafts leading to the power 

station, the water is carried by a 2i-ft. diameter 

fully lined tunnel 8,200 ft. long. This tunnel was 
driven using a track-mounted jumbo carrying 12 
Gardner Denver drifters. The face, 24 ft. in diameter, 
was drilled with approximately 70 holes 12 ft. deep 
and loaded with 450-600 Ib. of AN 60 Polar gelig- 
nite. 

General progress was good, no major trouble being 
experienced, the tunnel being 25% supported with 
steel sets. The excavation commenced on January 17, 
1955, and was completed 18 months later with an 
average rate of progress of 108 ft. per week. 

The concrete lining was completed in 16 months 
using concrete dry-batched on the surface, transported 
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in waterproof cars to two l-cu. yard automatic Arm- 
strong Holland double-drum mixers which produced 
concrete for two 14-cu. yard Pressweld pneumatic 
placers set up for continuous operation. This concrete 
plant was mounted on a mobile bridge 600 ft. long 
which travelled on rails on the tunnel invert. Where 
steel reinforcing was necessary the invert was placed 
first, the steel rings of reinforcing being fabricated in 
three pieces and joined together with screwed coup- 
lings to form a ring. Telescoping steel arch forms were 
positioned by a rail-mounted traveller with hydraulic 
booms. The maximum placing rate was 60 cu. yards 
per hour. 

Over that section of the tunnel where the ground- 
water table was higher than the static pressure in the 
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Fig. 11. Schematic layout 


tunnel due to the Tumut Pond dam level, flap 
valves were provided to permit the flow of ground- 
water into the tunnel. Some water was encountered 
and did hinder construction at two points along the 
tunnel. The maximum rate of pumping was 4,000,000 
gallons per day. 
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of Tumut I pressure tunnel 


At the downstream end of the pressure tunnel twin 
18 ft. diameter shafts rise 270 ft. to a surge chamber 
50 ft. in diameter and 130 ft. high. 


Tumut I Power Station 
The machine hall was excavated in three stages: 


WATER POWER June 1960 











first the roof, which included the concreting of sup- 
porting ribs, followed by the removal of all material 
above the assembly-bay level, and finally the excava- 
tion of the turbine pits. The French group of con- 
tractors used Atlas airleg drilling equipment, Eimco 
105 and Eimco 21 shovels for mucking and model C. 
& D. Tournarockers for haulage. After taking a pilot 
tunnel along the crown of the roof, the excavation 
was widened progressively from one end to the full 
face 25 ft. below the crown. By this method the roof 
was supported entirely by rock bolts for a distance 
of 115 ft., after which it became necessary to use 
light steel] supports in conjunction with the bolts for 
the remaining 190 ft. of roof, which was opened by 
drives along the abutments and crown with a connect- 
ing slot to form the space for the supporting ribs. 
Excavation to the main floor level was done by strip- 
ping to a central longitudinal trench. The turbine pits 
were excavated by ramping down on a 16% grade 
for the main part, the ramp being removed by strip- 
ping, and loading into 44-cu. yard dumper trays whici 
were lifted by a mobile crane. The transformer hall, 
with a roof span identical to the machine hall, was 
excavated by stripping to a central pilot tunnel in two 
stages. The centre 40-ft. width was opened along the 
full length followed by widening on either side to the 
full 77 ft. The entire excavation was supported with 
rock bolts 7—10 ft. long at 3—5-ft. centres. A feature 
of the excavation was the close drilling and light 
charging of the holes on finished excavation surfaces. 
A total of 66,000 cu. yards solid was excavated from 
the machine and transformer halls between December 
1955 and August 1957. 

During excavation the behaviour of the rock while 
decompressing, was observed by several forms of 
measurement. First, rock-noise equipment was used 
to locate trouble spots; secondly. tilting clinometers 
measuring to 2 seconds of arc were embedded in the 
concrete abutments to the roof. and also a number 
were fixed to the walls of the excavation to determine 
movement. Points were established in the machine 
hall, which were related by triangulation to a fixed 
line, with the object of determining the absolute 
movement. To determine relative 
movements, the width of the 
machine hall between concrete 
abutments was measured. The 
measurements, when correlated. 
gave a reasonable picture of the 
behaviour of the excavation, and 
proved of great assistance during 
construction. 

The first stage of concreting 
began in the turbine pits on Sep- 
tember 28, 1957, and two years 
later the last two machines were 
undergoing commissioning tests. 
Concreting in the four machine 
bays totalled 11,300 cu. yards and 
installation of the first scrollcase 
commenced on May 12. 1958, 
after 7,350 cu. yards had been 
placed. The total quantity of con- 
crete in the machine hall was 
18.226 cu. yards and 3,350 cu. 
yards in the transformer hall. 
After excavation was completed 
in September 1957, all concrete 
in the machine hall and the 
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transformer hall was completed in 17 months with 
a maximum placing rate of 585 cu. yards per week 
in the machine hall and 390 cu. yards per week for 
the transformer hall, the concrete plant producing a 
maximum of 1,060 cu. yards per week. 

To provide routine and emergency access to the 
station, a lift shaft links the control building with the 
road 1,181 ft. above. This shaft was excavated in con- 
junction with the pressure shafts from three construc- 
tion adits at approximately 300-ft. intervals. With the 
exception of about 50 ft. at the surface, all shafts were 
raised. The maximum excavation rate was 14 ft. per 
day from one heading. The lift shaft was lined with 
precast concrete pipes 10 ft. in diameter, 44 in. thick 
and 5 ft. long. These pipes were placed one on top of 
the other, and supported each 20 ft. with an 18-in. 
concrete collar placed between the rock and the pipe. 
The remaining section was backfilled with 3-in. stone, 
and with small pipes through the collars a continuous 
drain was created, which at the power station level is 
tapped off to form the domestic water supply. Bond 
blocks were cast in the pipes to provide fixing for the 
lift guides and for cable support. 

Supply of the precast concrete liners finally chosen 
for shaft lining was subcontracted to Humes Limited 
by the contractor. The liners were manufactured at 
Humes aqueduct pipe works at Queanbeyan, N.S.W., 
and were steam cured for the first day after casting 
to achieve the required strength of 2,500 Ib. per sq. 
in. at 7 days. One liner was cast per day. 

Two pressure shafts were steel lined from the tur- 
bine to just below the level of the pressure tunnel, and 
concrete lined above this point to the surface. The 
steel pipes were 18 ft. long and 12 ft. in diameter and 
manufactured from a special low-temperature Austra- 
lian steel to Lloyd’s P403 specification. In the straight 
section of the shaft the pipes were welded together 
with an automatic submerged-arc welding machine. 
The French contractors sublet this work to the Aus- 
tralian firm, Humes Limited. At the shaft head the 
contractor installed a 35-ton winch to handle the 
pipes, which were suspended from a “galloway” stage 
hanging on two ropes from the double-drum winch. 





Fig. 12. Machine hall roof showing connecting tunnel portal to trans- 
former hall, looking from the access tunnel to the control building end 


233 





Between these two ropes a man 
car was operated. The welding 
was done from a three-tier plat- 
form on a hollow central column. 
The platform was moved by 
attaching it to the galloway stage, 
the shaft services passing through 
the hollow column of the plat- 
form. Hanging below this plat- 
form a similar three-tier platform 
was suspended to carry the equip- 
ment and personnel for the Pre- 
pakt grouting of the space be- 
tween the rock and steel liner. 
The cycle of operation for con- 
struction was fabrication of pipes 
and transport to site, sandblast 
and paint inside with hot applied 
enamel, position in shaft and weld, 
place crushed aggregate between 
rock and pipe, and inject Prepakt 
grout. Grouting had to follow im- 
mediately behind, as access would 
otherwise have been impossible 
without a second winch between 
the welding platform and the 
grouting platform. The maximum 
rate of production reached one 
complete cycle each day. This was 
only achieved in the top third of 
the shaft and the average was four 
pipes a week. 

To serve as operational access 
and also as an emergency exit a 
1,178 ft. fully automatic lift was 
installed. The contractor let this 
work by subcontract to Arnold 
Engineering and Lifts Pty. Ltd., 
of Sydney, N.S.W. The lift has 
a capacity of 6,800 Ib., at a speed of 250 ft. per 
minute and is automatic over four floors but can 
be manually operated from within the car so that 
stops can be made anywhere in the shaft. Some diffi- 
culties were experienced during installation mainly 
due to the very high humidity, with dripping water 
and a heavy draught from the machine hall up the 
lift shaft. The draught was in fact controlled by 
baffles, but the regulation of the air flow in order to 
improve working conditions in the shaft was a feature 
of the installation works in the shaft. 

To operate the lift automatically, 39 control circuits 
were required, necessitating a control cable arrange- 
ment. This was first attempted with four cables fixed 
at the midpoint in the shaft and hanging freely in a 
loop with a 32-in. bight and fixed at the other end 
to the cage. These cables were 700 ft. long and prob- 
ably the longest trailing lift cables in the world. The 
method proved a failure as the cables would not re- 
main in a simple loop but twisted into a figure-of- 
eight, possibly due in part to the effects of the draught, 
which can have a horizontal component at certain 
sections, but mainly to inherent twist in the cables 
or to twists imposed on the cable during installa- 
tion. With the cables falling into a figure-of-eight, 
damage was done as the cables tangled with the coun- 
terweight guides and were torn free. The contractor 
took this matter up with Arnold Engineering and 
Lifis Pty. Ltd., who made worldwide enquiries with- 
out finding any information that was based on experi- 
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Fig. 13. Excavation for Tumut I power station 


ence and could help with the problem. Finally, re- 
search was carried out by cable makers of Australia 
with a final design incorporating all four cables in 
one forming a thin elliptical belt-shaped cable. It is 
not known at present whether this cable will be suc- 
cessful as the cab!e is still under manufacture. 
The tailrace tunnel, 4,500 ft. long, was excavated 
full face, 688 sq. ft. in area, in 14 months. The drilling 
was from a rail-mounted jumbo fitted with airleg 
jackhammers driiling 110 holes 8 ft. deep. The muck- 
ing was done with an Eimco 105 overhead shovel 
into Model D Tournarockers. Steel tunnel supports 
were used for 50% of the tunnel, the remainder being 
supported by grouted rockbolts and chain wire mesh. 
The last 1,000 ft. of the tunnel near the power station 
was enlarged to 35 ft. to form a surge chamber. The 
total excavation was 121,000 cu. yards solid; 980,000 
Ib. of 8 in. x 6 in. R.S.J. steel supports and 11,000 
ft. of 7 ft. and 10 ft. long rockbolts were used. 
Of the 4,500 ft. of the tailrace tunnel, 1,625 ft. is 
fully concrete-lined and 820 ft. in the steel-supported 
section was concreted up to the springing line of the 
arch, the timber lagging on the steel sets being spiked 
together to prevent movement. All the lagging was 
hardwood. The concrete lining embedded the steel 
supports with a minimum cover on the steel of 5 in. 


Operation 
Maximum energy output from the water available, 
and therefore maximum economy, can only be 
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achieved if the operating head is retained as high as 
possible without spillage of water. The operational 
controls provided, together with river gaugings and 
daily weather forecasting, will enable the storage and 
release of water to be planned. During periods of 
low flow, water will be drawn from lake Eucumbene, 
and as Tumut Pond must necessarily be at the same 
level as lake Eucumbene, this determines the avail- 
able head at the power station. At other times, how- 
ever, when there is sufficient water in the Tumut and 
Tooma rivers, the storage at Tumut Pond will be 
held as high as possible to ensure maximum head 
on the power station. 

The station is designed to be fully automatic under 
remote control, and all units are capable of being 
operated as synchronous condensers. 


Equipment 

All equipment was erected and installed by 
Authority forces and this work was completed in 18 
months from the placing of the first draft-tube liner 
to completion of the fourth machine. To assist the 
installation, the station cranes were erected before 
any equipment was delivered to the station. Two 
cranes were erected, each of 110 tons capacity, and 
these could be linked together with a beam in order 
to lift the rotor—a weight of 210 tons. 

The English Electric Co. Ltd. supplied the four 
Francis turbines, which were rated at 110.500 h.p. 
under a net head of 960 ft. This company also sup- 
plied the four spherical-type straight-flow valves, 
which are operated by a_penstock-pressure-water 
servomotor. The generators, rated at 80 MW at 0-95 
power factor, 12-5 kV and 375 r.p.m., together with 
automatic starting, voltage and synchronising con- 
trols, were supplied by A.S.E.A., of Sweden. 

Seven A.C.E.C. single-phase transformers (manu- 
factured in Belgium) consisting of two primary and 
one secondary winding, rated at 28/28/56 MVA. are 
connected in two banks of three, one being spare, and 
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Fig. 15. The manifold section of the tailrace tunnel 


step up the generated voltage of 12-5 kV to a trans- 
mission voltage of 330 kV. The busbars from the 
generators to the transformers are carried in indi- 
vidual ducts for each generator, and consist of double- 
channel aluminium busbars with flexible connections 
at each change in direction to allow for expansion. 
The switchgear consists of 12-5 kV Brown Boveri 
air-blast circuit breakers. Seven Pirelli General 330 





Fig. 14. Excavation for transformer hali showing complete rock bolt support 
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Fig. 16. Lowering the rotor for No. 3 generator 


kV single-core oil-filled impregnated-paper-insulated 
reinforced lead-alloy-sheathed cables conduct the 
power to the outside cable yard. 

Station common services are supplied through two 
12:5/11/0-415 kV transformers from the local 11 kV 
supply with provision to take power from generators 
| and 3. Generator auxiliaries are supplied through 
110 kVA transformers connected to the generator 
terminals. 

Ventilation supply for the power station is through 
the cable tunnel, and exhaust is through the access 
tunnel and lift shaft. The air is dehumidified by 
finned cooling coils and heated by recirculating part 
of the supply through the transformer hall. Drainage 
water, where possible, is fed by gravity into the tail- 
race tunnel. Two 800 g.p.m. pumps handle water 
coming into the power station at lower levels. For 
protection against flooding, three 5,000 g.p.m. submer- 
sible pumps, supplied with power directly from the 
lift house, are installed. In addition, two jet pumps, 
operated in parallel by water from the pressure shafts, 
have been installed. 

The transmitted power at 330 kV is carried by high- 
tensile aluminium-alloy (Silmalec) conductor. In areas 
subject to heavy icing, one conductor per phase, 1-77 
in. in diameter, is used. Elsewhere two conductors per 
phase, 1-053 in. in diameter, with spacers every 300 
ft.. have been used. Transport of heavy equipment 
was made by a Mighty Antar. 

The Authority’s transmission system comprises 
interconnections between several collecting stations 
within the area, and lines from individual power sta- 
tions to these collecting stations. In general the system 
voltage is 330 kV but 132 kV is used where the 
amount of power involved does not warrant the use 
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of the higher voltage. Transmission at 330 kV from 
the collecting stations to the load centres of New 
South Wales and Victoria is the responsibility of the 
respective States. 


Conclusion 

Just downstream from the tailwater outlet at Tumut 
I, the water is diverted by a dam and tunnel to Tumut 
If power station where work is now well under way 
by the civil contractors, Kaiser-Perini-Morrison- 
Raymond, having commenced in June 1958. This 
underground station, similar to Tumut I, will have a 
capacity of 2830 MW from four 70 MW machines, and 
the first two units are expected to produce power early 
in 1962. Water from Tumut II power station will pass 
in succession through three reservoirs. Power stations 
will be built below the dams bringing the total gener- 
ating capacity in the Snowy-Tumut development to 
1,070 MW. However. the construction of the lower 
Tumut works will not immedately follow the upper 
Tumut projects, as the next phase of the works will be 
the Snowy-Murray, involving approximately 25 miles 
of tunnel, two major power stations, several dams, 
and a generating capacity of 1,200 MW. Work on this 
phase is expected to start late in 1960 with a gradual 
progression to achieve the production of power in the 
Murray Valley by the winter of 1966. 


The Geon Story. A brochure issued by British Geon 
Limited, Devonshire House, Piccadilly, London, W.1, 
is a guide to PVC plastics and deals with Geon as a 
primary product, as packaging material, as a covering 
for chemical piping and so on, but so far as readers of 
this journal are concerned its main interest probably 
lies in its applications to the electrical industry. The 
brochure is very handsomely produced. 
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The A.I.M. Conference at Brussels 


A one-day conference was held in Brussels recently 
On questions associated with 400 kV networks 


HE Association des Ingenieurs Electriciens Dip- 

lomés par L’Institut Electrotechnique Montefiore 

(A.I.M.) held a one-day conference in Brussels 
recently (April 26, 1960) on “The 400 kV network— 
the future stage of regional interconnection.” This 
conference attracted transmission specialists from 
Germany, Australia, Canada, Denmark, Spain, 
France, Luxembourg, Britain, Italy, Japan, Holland, 
Portugal, United Arab Republic, Sweden, Switzerland 
and Russia, as well, of course, as a large contingent 
from Belgium. 

It provided an opportunity for clarifying current 
thought on the inevitable trend towards higher voltage 
levels, a trend which has been apparent in one form 
or another ever since large-scale electricity supply be- 
gan, at the turn of the century. 

The Chairman, Professor Fourmarier, of the A.I.M., 
said that three types of high-voltage network could 
be distinguished: first was the network existing solely 
for the purpose of bringing in from a distant power 
source (such as the hydro-electric stations in the north 
of Sweden) the energy needed in large industrial areas 
situated a great distance away; secondly, there was the 
network existing for interchange of power between 
regions having differing power-generating characteris- 
tics, such as the thermal stations in the north of 
France and the hydro-electric installations in the 
south. The third type of 400 kV system was the par- 
ticular subject of the conference, and consisted of 
an extension of the normal growth of any communal 
or regional electricity-supply system, in which there 
is local distribution at perhaps 11 kV, sub-transmis- 
sion at 33 kV and main transmission at the 100/150 
kV level, with final linkage between the power plants 
and the major centres of load at 220 kV. The regional 
interconnection in many cases, according to the 
opinion expressed at the conference, now needs to be 
extended still further, and 400 kV was suggested. 

It is of interest to quote a phrase used by Dr. Ing. 
G. Boll, of the Deutsche Verbundgesellschaft. He said 
that in a highly industrialised country, in which the 
power consumption doubles approximately every ten 
years, the maximum voltage should be three times 
higher than the voltage of the stage immediately be- 
low. The use of too small ratios between the voltages 
of close stages is not to be recommended. This would 
mean that a country in which a 220 kV network at 
present existed should not consider a higher voltage 
for regional interconnection (the third of the three 
types of extra-high-voltage system mentioned above) 
until it was economically and technically feasible to 
rise to 660 kV. This view was not generally accepted. 

The prime reason for needing a larger and higher- 
voltage network within a region appeared to be the 
danger of exceeding the three-phase short-circuit cur- 
rent applicable to the switchgear and other apparatus 
on the existing system. There was sharp divergence of 
views as to what this limit should be. German, French 
and Belgian delegates thought that a value of approxi- 
mately 20 to 25 kiloamps was a feasible and economic 
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level, as well as one technically acceptable. In Sweden, 
however, a value of up to 30 kiloamps and possibly 
in the future 50 kiloamps was thought to be reason- 
able; and on the other hand British delegates ex- 
pressed the view that it was wrong to allow the sys- 
tem to grow in such a way that the short-circuit cur- 
rent continually rose and that it was best to design the 
whole system so that the short-circuit levels on exist- 
ing switchgear would never be exceeded; and these 
had been standardised at 13 kiloamps. The British 
engineers, and in particular Mr. F. J. Lane of Preece 
Cardew and Rider, said that sectionalisation and the 
provision of reactors could ensure that rising short- 
circuit levels were dealt with at minimum cost. Mr. 
Jancke, Chief Engineer of the Swedish State Power 
Board, said that although the high short-circuit cur- 
rent levels in Sweden brought in their train certain 
problems, nevertheless he felt that even the British 
engineers could not hope to maintain the standard 
low levels of short-circuit current on their lower- 
voltage switches for very long. 

The design of high-voltage lines is now fairly well 
stabilised, although indications from the U.S.S.R. and 
from Sweden showed that attention is being paid to 
a greater extent than ever before to new power designs 
to save materials and erection costs. Dr. Burgsdorf, 
for example, said that for the 400 kV and 500 kV lines 
being built in Russia they were developing portal-type 
single-circuit towers which would save 15% in metal 
and 75% in concrete cost, when compared to any 
design previously used, and there was also mention 
of light-alloy towers with prefabricated concrete bases. 

There was some disagreement as to whether single- 
circuit or double-circuit lines should be employed. 
Both the Russians and the Swedish engineers said 
that the reliability of single-circuit lines had been 
greater than could have been anticipated. In the 
U.S.S.R. a fault incidence of no more than 0-2 faults 
per 100 km. per annum has been experienced. On the 
other hand, British engineers took the view that the 
problems of bringing power into urban areas was such 
that the aim should be to achieve the maximum power 
transmission on every pylon, and also to achieve 
greater reliability by providing the second circuit. It 
was the view in Britain that up to 3.000 MW could 
be transmitted along a single route, and that with the 
aid of two circuits this should be possible, with con- 
siderable firm power available at all times. 

On the transformer side, the discussions showed 
that there is still no final agreement as to whether 
auto-transformers are the best solution to the problem 
of designing these extra-high-voltage units. It was 
thought that three-phase units of up to 375 MVA 
would be more popular in the future, and the Swedish 
engineers mentioned that units of this size are now 
under development, while units of over 300 MVA 
for 380 kV are already in use. The Swedish practice 
was to use single-phase transformers, in banks of 
three with a spare unit for the whole station, at the 
generating points, and three-phase transformers at the 


237 





receiving substations. Views from other Continental 
countries showed that there is a swing of opinion away 
from single-phase units, hitherto so popular, for 
extra-high-voltage networks, to the less-costly three- 
phase design. 

Although there were still problems to be solved in 
regard to the behaviour of conductors under adverse 
atmospheric conditions, nevertheless these did not 
offer major obstacles to satisfactory operational 
experience. 

Contributions from France, West Germany, Sweden 
and Russia, in all of which countries the 380/400 kV 
transmission level is now in use, showed that opera- 
tional experience has been satisfactory in all respects. 
Auto-reclosing has eliminated most faults before there 
has been any serious effect on the system as a whole, 
and in any case most faults have been found to be of 
a transient nature. Radio interference has not proved 
so severe a problem as had been thought, although 
there was evidence that in a number of cases it had 
proved an intractable problem. The design of corona- 
free fittings appeared now to have been satisfactorily 
achieved in most cases. 

There thus remained the question not as to whether 
400 kV was feasible for superimposing on almost any 
regional transmission system, but as to when it would 
be economic to consider this level, and for what 
reason. The Chairman, M. Fourmarier, in summing up 
the various contributions said that there seemed no 
doubt that the continual rise in demand would have 
the effect of imposing severe short-circuit currents on 
the equipment in existing networks, and there were 
only two solutions to the problem of safe operation in 
the future. The first was to split up such networks 
into sections linked by reactors or possibly not linked 
at all, and the second was the superimposition of a 
higher-voltage network, with the lower-voltage sec- 
tions operated independently of each other. 

The second solution appeared to M. Fourmarier to 
be the more logical, as it would not only solve the 
internal-short-circuit problem but would in addition 
provide means whereby hydro power in other coun- 


International Power and Engineering 
Consultants Limited 

Agreement in principle has been reached for the 
development of a new engineering company, Interna- 
tional Power and Engineering Consultants Limited, 
of Vancouver. The organisation is an outgrowth of 
B.C. and B.B. Power Consultants Limited, which was 
formed in 1958 to carry out the detailed engineering 
work on the Peace River hydro-electric project in 
British Columbia. 

British Columbia Power Corporation Limited of 
Vancouver, through its subsidiary, British Columbia 
Engineering Co. Ltd., held a 51% interest in the com- 
pany, while Balfour Beatty & Co. Ltd., of London, 
England, held 49%. International Power and Engi- 
neering Consultants Limited, will be owned on a fifty- 
fifty partnership basis between British Columbia 


Power and Balfour Beatty. Sir Andrew MacTaggart, 


Chairman of Balfour Beatty, Power Securities Cor- 
poration Limited and also of Peace River Power 
Development Co. Ltd., will be Chairman of the new 
Company. A. E. Grauer, President of British Colum- 
bia Power and British Columbia Electric, will be 
Deputy Chairman, and Tom Ingledow, Vice-President 
of British Columbia Power and President of British 
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tries could more readily be made available for 
Belgian utilisation, and would facilitate international 
exchanges of power. However, his conclusions did not 
entirely coincide with the expressions of opinion from 
Britain and Italy. In Italy it was felt that 220 kV was 
a high enough level for almost any conceivable 
regional network, and in Britain the view was that the 
short-circuit problem should not be the sole determin- 
ing factor, as mentioned earlier. It was also the 
Russian opinion that the existing 220 kV networks 
should be retained and extended, leaving the extra- 
high-voltage 400 kV and 500 kV systems to take the 
form of inter-regional long-distance interconnectors. 
Dr. Burgsdorf also said that direct current, now under 
active development in Russia, might have advantages 
for some aspects of regional interconnection, but the 
lack of suitable circuit-breakers militated against this 
system at present for a usage of that type. 

There was, however, a reinforcement for the Chair- 
man’s view from France, since M. Cahen, of Electri- 
cité de France, said that it had been decided to estab- 
lish two 400 kV rings, one round Paris and the other 
probably round Lyon, and these could be considered 
as regional networks. From Britain it was announced 
that a section of the 275 kV super grid, which 
straddles the 132 kV grid network, is to be made 
suitable for 380 kV operation and will be alive at that 
voltage within about two years, on an experimental 
basis. 

The conference, while obviously of great value to 
Belgium in that the Belgian engineers must be con- 
templating an active development of their network in 
the near future, did not reveal anything particularly 
novel, since EHV techniques are nowadays well docu- 
mented and considerable experience is available in 
several countries. It could be said to have focussed 
attention on the need for economics to temper the 
natural enthusiasm of transmission engineers to “keep 
up with the electrical Joneses” and to wish to experi- 
ment with higher voltages, possibly even before such 
a step is economically justified by the conditions in 
their particular country. 





Columbia Engineering, has been named President. 

Directors in International Power and Engineering 
Consultants will be Sir Thomas Foy, A. E. Grauer, 
T. Ingledow, K. H. Kidd, Sir Andrew MacTaggart, 
R. H.R. McGill, W. I. O'Hara, Henry W. Smith, Jack 
H. Steede. 


Camrex Paints Limited. This firm have issued a new 
publication dealing with the industrial applications of 
their Camrex non-oxidising preservative paints. 
Among the new buildings which have been treated 
with them the Beauharnois hydro-electric station may 
be cited. This firm’s London office is at 101 Leaden- 
hall Street, E.C.3. 

Batching Plants. Thos. W. Ward Limited, Bretten- 
ham House, Lancaster Place, Strané, London, 
W.C.2, have sent us an illustrated brochure which 
outlines the three basic types of concrete mixing 
plants that they supply. The types are: ready-mixed 
batching plants, dry-mixed batching plants and con- 
tinuous concrete mixing plants. The equipments in- 
corporate automatic control to ensure the correct 
weight, sequence and time cycle for achieving best 
conditions. The brochure is amply illustrated with 
installations of batching plants built by this firm. 
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Stress Distribution in Gravity Dams 


This article describes briefly the attempts that have been made 
to analyse the stresses in gravity dams so as to take into account 
the influence of the foundations. The present position in this 
field is given and possible future developments are indicated 


By J. R. RYDZEWSKI, Ph.D., A.M.I.C.E., A.M.ASCE. 


HE application of a scientific approach to the 

design of masonry dams was first apparent in the 

work of the French engineers, Sazilly, Delocre 
and Graeff in the middle of the last century. Their 
dams were designed to resist overturning as well as 
sliding along the base and were shaped to develop 
equal maximum vertical compressive stress for both 
reservoir-full and reservoir-empty conditions. The 
stresses were calculated on the assumption of a trape- 
zoidal distribution of normal stress on horizontal 
sections. 

Rankine, in 1870, added to this the condition of 
no tension, resulting in the well-known “middle-third 
rule” and also pointed out that the maximum com- 
pressive stress, on the assumptions used, would act 
parallel to the face of the dam. Rankine’s criteria of 
design, known as the “classical method.” became uni- 
versally accepted. In France it was elaborated on by 
Maurice Levy, who proposed that compression at the 
upstream face should exceed the hydrostatic pressure 
at the particular section. 

The Bouzey dam disaster in France in 1895 aroused 
an unprecedented interest in the mode of failure of 
masonry dams. The controversy that raged on that 
subject in the British technical press and the research 
activity it stimulated were the subject of Professor 
Pippard’s Unwin Memorial Lecture to the Institution 
of Civil Engineers’, to which historians of engineer- 
ing science should refer. 

The failure of the Bouzey dam not only drew the 
attention of engineers to the problem of uplift, but 
also subjected the classical method of analysis to 
severe criticism. Out of that period of intensive re- 
search and discussion, which ended in 1910, there 
emerged two remarkable papers. On the experimental 
side, Wilson and Gore’, in 1908, described their ex- 
periments with stiff rubber models of a dam together 
with a portion of its foundations. For the purpose 
of application of dead load, the profile was divided 
into a number of imaginary rectangular and triangular 
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Fig. 1. Stress distribution obtained from displacement 
observations 
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sections at the centres of gravity of which vertical 
loads were applied through pins piercing the model. 
The hydrostatic load was substituted by a statically 
equivalent system of concentrated loads, acting 
through plates bearing on the face of the model 
Observations of displacement yielded the required 
stress distribution, an example of which is given in 
Fig. 1. It says a good deal for their ingenuity that 
this method has been used practically unaltered by 
the United States Bureau of Reclamation some 30 
years later. 

A solution of the elastic problem of a dam, homo- 
geneous with its foundations, by means of finite differ- 
ence approximations was attempted by Richardson’ 
in 1909. His formulation of the problem left nothing 
to be desired, but he was not in a position to solve 
the problem with any accuracy, having considered 
only a few internal points. This problem was over- 
come when relaxation techniques, initiated by South- 
well, reached an advanced stage of development. 

Wolf‘, in 1914, considered the problem of a triangu- 
lar dam, with a vertical upstream face, resting on 
perfectly rigid foundations. This he expressed by the 
condition that the average vertical displacement along 
the base of the dam should be zero. In order to satisfy 
this condition he applied secondary forces, in the form 
of an arbitrary polynomial, to the upstream face, 
stipulating that their resultant should vanish. In this 
last condition the secondary forces were regarded as 
errors to be minimised. One of his results is shown 
in Fig. 3 (top). 

Vogt’ 1925, and Kalman® 1927, demonstrated the 
incompatibility between the displacements of the base 
of the dam and those of the foundation surface as 
calculated by the classical method. suggesting that 
corrective stresses should be introduced along the 
base to bring these displacements in conformity with 
each other. 

The case of a triangular dam on an unyielding 
foundation was also considered by Jakobsen’ in 1932, 
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STRESS DISTRIBUTION ON BASE 
Fig. 3. Stress distribution in a triangular dam 


who minimised the strain energy integral using Ritz’s 
method. This approach would reveal the true solution 
from amongst a family of possible solutions, when it 
is certain that the true solution is contained in that 
family. If there is a number of competing families of 
solutions. the accuracy of the result is as good as the 
choice of the family. Jakobsen assumed the normal 
stress on horizontal sections to have a cubic distribu- 
tion, expressed by a function containing two arbitrary 
constants. This gave less strain energy than a straight- 
line distribution, but as it did not take account of 
strain compatibility conditions, it could not claim to 
represent the absolute minimum. His solution gave 
the stress distribution shown in Fig. 3 (centre). 

Jonson® 1933, gave a brief outline of his attempt 
to determine the stress distribution in a triangular 
dam. considered together with a portion of a founda- 
tion of the same material. He visualised an elastic 
area of plane strain on which the profile of the dam 
and its foundations was inscribed, Fig. 3 (bottom). 
Stresses conforming with the trapezoidal rule and obey- 
ing the boundary conditions on the dam face were 
applied to the area as a whole, resulting in a distribu- 
tion of normal and shear stresses on ABDE, which is 
obviously incorrect for the sections AB and DE. 
Jonson, therefore, formulated his problem as one of 
determining the stress distribution in the foundations, 
due to a loading on the system equal to the difference 
between these stresses and the ones actually acting on 
AB and DE. Like Wolf, he introduced secondary 
stresses, this time in the form of Airy stress functions. 
and minimised their effect on the known boundary 
stresses on the face of the dam. This does not ensure 
uniqueness of solution, since in considering the region 
of the foundations, only its upper boundary condi- 
tions were specified. 
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Fig. 4. Stress distribution with corner function 


The same criticism can be levelled at the first of 
two analytical methods proposed by Brahtz’, in 1936, 
who introduced correcting stresses in the form of a 
“corner function” of the general type @.=r" f, (6) for 
the case of a dam standing on foundations having the 
same elastic properties. Referring to Fig. 4 (top), an 
Airy stress “corner function” would be formed in 
polar co-ordinates, with origin at B, in such a way that 
it did not contribute to the boundary stresses along 
AB and BC. Such a stress function contains a double 
infinity of arbitrary constants which can be used to 
satisfy further boundary conditions. Brahtz proposed 
to satisfy the boundary conditions on the downstream 
face of the dam and the downstream foundation at 
three points. such as E, F and G. 

Brahtz also mentions briefly in this paper the appli- 
cation of the “corner function” to the more general 
case when the elastic properties of the foundations 
differ from those of the dam. For a triangular profile, 
the origin of the “corner function” can be taken at 
the apex and the arbitrary constants employed in 
satisfying, to some specified approximation, the con- 
ditions at the third boundary. He suggests that these 
conditions concern the relative displacement of the 
dam and its foundation along the plane of contact. 
Brahtz gives it no prominence in his paper, but in the 
summing-up after the discussion shows some results 
obtained in this manner. These are reproduced in 
Fig. 4 (bottom). 

Full details of the last method, however. were pub- 
lished as a Departmental Memorandum for the United 
States Bureau of Reclamation by Silverman, Zangar, 
Soerens and Brahtz'® in 1935. As copies of this are 
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not readily available, the following information may 
be of interest. 

The boundary conditions at the base of the dam 
were formulated so that, firstly, both the heel and the 
toe of the dam were in contact with the deformed 
foundations. Secondly, the magnitude of the vectorial 
difference between the deflections of the dam and the 
foundations, when integrated over the base, was made 
a minimum. To simplify calculations, only four arbit- 
rary constants, out of the infinite number available, 
were used. Two were made to satisfy the first set of 
conditions and two the second. As a further simplifi- 
cation, the effect of “corner function” stresses was 
neglected in the determination of foundation deforma- 
tions. 

Whereas the inaccuracies due to the first simplifica- 
tion can largely be eliminated through repeated appli- 
cation of the process, the second assumption is less 
easy to justify. It can only be concluded that this was 
the reason why this investigation received so little 
attention in Brahtz’s later paper. 

Télke"’, in 1938, without making any reference to 
the work of Brahtz, used an identical form of correct- 
ing “corner function” for the problem of a triangular 
dam, with a vertical upstream face, resting on a semi- 
infinite foundation of any prescribed elastic properties. 

Télke did not make any simplifying assumptions 
like Brahtz, and arrived, after a detailed analysis, at 
equations representing the relative displacements be- 
tween the dam and its foundation. These relative dis- 
placements, in the vertical and horizontal directions. 
were then minimised by the application of least- 
squares, i.e. the squares of the relative displacement, 
when summed over the length of the base, were made 
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Fig. 5. Stress distribution using least-squares solution 


WATER POWER June 1960 


a minimum. Four roots of the characteristic equation 
governing the “corner function” were taken at a time. 
with the suggestion that further groups of four could 
be introduced in an iterative process. His results, 
which were presented in a qualitative manner, are 
shown in Fig. 5. 

It is regrettable that Télke does not discuss the 
accuracy of his least-squares solution since, in the 
author’s experience, this is the stage where difficulties 
are encountered. 

In the early 1930’s plans were beginning to take 
shape for the Boulder dam in America. As the struc- 
ture was to be made on a scale considerably greater 
than anything built hitherto, methods of stress analy- 
sis in accordance with the theory of elasticity were 
being looked into. In this connection, Westergaard'’, 
in 1934, drew attention to the analogy between the 
surface of the Airy stress function and the deflection 
of an unloaded slab by forces and couples applied 
along its edges. This stated that assuming similarity, 
the components of stress in any direction were pro- 
portional to the components of curvature at holo- 
morphic points on the analogous slab. It should be 
noted that for the analogy to hold, body forces have 
to be replaced by equivalent boundary loads. This 
can be done, for the harmonic body-force potential 
of gravity, by means of the analogy between body and 
boundary forces stated by Biot’: 

Initially the “slab analogy” by which name the 
above soon became known, served as an experimental 
method of stress analysis, details of which were given 
by the United States Bureau of Reclamation” in 1938. 
Subsequently, experience gained on arch-dam design, 
with trial-load methods of balancing the load distri- 
bution on an orthogonal system of arches and canti- 
levers to obtain slope and displacement compatibility 
for the two systems, suggested a similar procedure 
in conjunction with the slab analogy. Here the boun- 
dary loads were applied as usual, but the two sets 
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Fig. 6. Stress distribution by relaxation method 











241 








of orthogonal beams were brought into conformity 
with each other by equal and opposite trial loads, thus 
leaving the slab as a whole unloaded. 

To test this method against others then in use, an 
analysis was made of the gravity dam profile pre- 
viously studied by Wilson and Gore. The good agree- 
ment between the two sets of results, which can be 
seen by comparing Figs. 1 and 2, encouraged its use 
on several large projects in the United States. Details 
of its use on the Boulder dam were given by the 
United States Bureau of Reclamation’® in 1939. The 
success of any trial-load type of analysis depends 
largely on the availability of suitably trained and ex- 
perienced staff. The tradition built up in this field in 
America, mainly in connection with arch-dam analy- 
sis, makes it, there, a practical proposition. The 
method has not found favour in Europe, where the 
tendency is increasingly towards simplicity in analysis 
coupled with reliable model tests. 

The work of Richardson and the first publications 
of Southwell on relaxation methods led McHenry", 
in 1944, to investigate successive approximation 
methods in elasticity from a practical engineer’s view. 

By replacing a square element of a two-dimensional 
elastic body by a square, cross-braced, pin-jointed 
frame, and by assuming 1/3 as a value of Poisson’s 
ratio, he demonstrated that the elastic problem could 
be solved approximately by solving for displacements 
of the joints in the analogous lattice. McHenry 
claimed that the mental picture of clamping and re- 
leasing successive internal joints would be of assist- 
ance to the designer, but implied that techniques akin 
to block relaxation could be used. This method could 
not survive competition with more rigorous relaxation 
procedures. 

In fact. a couple of years later, Zienkiewicz'’ did 
successfully apply the technique of relaxing the bihar- 
monic equation of elasticity to the case of a dam 
homogeneous with a finite area of its foundations. 
Referring to Fig. 6, the boundary conditions along 
GABCD were derived in terms of the Airy stress 
function in the manner suggested by Brahtz. Along 
DEFG, remote from the base of the dam, the stress 
conditions were obtained through considering the 
semi-infinite plane of the foundations as being acted 
upon by the reservoir load, by the resultant of the 
forces on the base of the dam and by gravity. This 
study was not confined to simple geometrical profiles. 
The results for the Claerwen dam in Britain agreed 
substantially with those of Wilson and Gore for a 
similar structure. 

The work of a team at the Zurich Polytechnic on 
the general problem of a dam standing on foundations 
of a different elastic material is presented, in very 
condensed form, by Lardy'* in 1952. It is surprising 
that although here again the relaxation of the bihar- 
monic equation is the basis of the method, no refer- 
ence is made to the work of Zienkiewicz. One gathers 
that the relations between the Airy stress function for 
the two regions were obtained from energy considera- 
tions for the whole system and that various short-cuts 
were devised to hasten the convergence of the relaxa- 
tion. The most notable of these was the replacement 
of the effect of the semi-infinite foundation by influ- 
ence functions, which, in finite difference form, were 
represented by three lines of the relaxation net. The 
relaxation was performed with the help of an auto- 
matic computer. In 1958 it was learned from Lardy’® 
that details of this analysis were not being published. 
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Fig. 7. Stress distribution by energy method 


In 1958, Silverman*’, like Jakobsen, approached 
the problem of a triangular dam on an unyielding 
foundation through consideration of energy. His 
method is, however, not restricted by the form of the 
function for the stress distribution. Like Brahtz and 
Tdlke, he superimposes on the “classical theory” solu- 
tion a correcting function which produces a self- 
equilibrating stress system. His correcting function 


is of the form 
@= (x, y) fly). 

in which g(x, y) is a known function chosen so as to 
give zero normal and shear stresses at the faces of 
the dam. The function f(y) is then determined by 
minimising the strain energy of the dam only, since, 
of course, the foundations are assumed to undergo 
no strain. This method is, essentially, that due to 
Kantorowicz described by Sokolnikoff?’. 

Silverman’s results for a particular case of hydro- 
static loading without body forces are given in Fig. 
7. The method appears relatively simple for the case 
of rigid foundations, but could be considerably less so 
if the strain energy of an elastic foundation were intro- 
duced into the problem. 

The author was interested to learn that Professor 
Zienkiewicz, now working in the United States, has 
successfully extended his relaxation techniques to the 
general case of a dam resting on foundations of any 
elastic properties*’. 

The usefulness of this method will be greatly en- 
hanced when the time-absorbing arithmetic of relaxa- 
tion is performed by high-speed electronic computers. 
In this connection, the advances being made at 
Sheffie'd University under Professor D. N. de G. Allen 
should be noted. 

The author has investigated the possibility of using 
a digital computer on the same problem but adopting 
the correcting “corner function” idea of Brahtz and 
Télke**. Although the computer programme for this 
type of calculation is simpler than the one involving 
the relaxation of the biharmonic equation, difficulties 
were encountered with ill-conditioned equations re- 
sulting from boundary matching along the line of 
foundations. Further work is being done to improve 
the accuracy of the solution. 

The above survey, although it cannot claim to be 
complete. does give an idea of the effort that has been 
expended on the theoretical soiution of the gravity 
dam problem. A great deal of ingenuity has also gone 
into the perfecting of experimental techniques of 
obtaining the required results from models. 

In the author’s view there are two ways in which 
research in this field can assist the designer. Firstly, 
by providing, with the aid of modern computers, 
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quick methods of analysing a dam profile in accord- 
ance with the laws of elasticity, assuming elastic 
behaviour for the material of the dam. Secondly, by 
making available to the designer the facilities of 
model laboratories where experienced staff could 
carry out tests on models of the selected design, but 
made from a material closely resembling the material 
of the prototype. 
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Indus. Wapda Public Relations, The Pipals, Lahore, 
Pakistan. Annual subscription Rs. 5. 

In our May issue we commented on the first Annual 
Report of the West Pakistan Water and Power De- 
velopment Authority (Wapda). We have now received 
the first issue of a house journal issued by Wapda 
Public Relations, which has been established to deal 
more or less informally with the aims and activities of 
the Authority. In this first issue the task facing the 
Authority is admirably surveyed in an article “A New 
Approach” by Ghulam Faruque, Wapda’s Chairman, 
and other articles are concerned with rural electri- 
fication, land reclamation and matters of general 
interest. 





“Seven Over the Severn” is the title of a recent publi- 
cation issued by the Aluminium Wire and Cable Co. 
Ltd., of 30, Charles II Street, St. James’s Square, Lon- 
don, S.W.1. The publication, which is amply illus- 
trated, gives an account of the construction of the 
transmission lines across the Severn. Seven unjointed 
lengths of conductor, each 24 miles long and weigh- 
ing 23 tons, were manufactured in the company’s 
Swansea factory, and form the important link of the 
275 kV supergrid system across the rivers Severn and 
Wye. The crossing of these two rivers at their point 
of confluence was a task of considerable magnitude, 
involving three long spans, one of which exceeds a 
mile in length—the longest in Britain. The project de- 
manded conductors of special characteristics. They 
are the largest both in cross-section and in length yet 
erected in Britain and their manufacture involved a 
number of unique problems. Each conductor consists 
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of 78 aluminium wires of 0-113 in. diameter arranged 
in two layers around a core of 91 high-tensile galvan- 
ised steel wires also of 0-113 in. diameter. The overall 
conductor has a diameter of 1:695 in., weighs 4:30 
lb. per ft. with grease, and has a breaking load of 
227,000 Ib. 

A second publication, No. G25, called “What 
AWCO Makes,” outlines the variety of products 
manufactured and sets out the present extent of their 
production. 


Technoexport of Praha, Czechoslovakia, have issued 
a well-produced brochure dealing with the varjous 
water-power plants they have installed in different 
parts of the world. The brochure is illustrated by 
coloured photographs and describes complete power 
plants, automatic governing gear, weir equipment, 
control valves, segment crest gates, exciters, etc., and 
transformers. 


The Ironfoundry Handbook, The Standard Cata- 
logue Co. Ltd., 26 Bloomsbury Way, London, 
W.C.1, have compiled and published a new reference 
book for the ironfoundry trade. It contains technical 
information on the industry and includes a guide for 
the facilities, capabilities and capacities of foundries 
in the United Kingdom and a buyers guide for all 
types of foundry equipment and materials. This in- 
formation, which is comprehensive, can be of assist- 
ance to designers in the field. The book contains 390 
pp. and costs 42s. for a single copy, or 35s. each for 
two or more copies. It will be published once every 
two years. 


243 





Here’s balanced 
drilling power 


for greater footage 









mant drill steels. 


FOR VERTICAL DRILLING 

the BVB 23 Wagon Drill... 

This medium-heavy unit, fitted with a Bison rock 
drill, will sink holes of well over 100 feet (30 metres) 
and accommodate 15’ (4.5 metres) steel changes. 
It is ideal for use on construction sites and in 
quarries and open-cast mines. Weight: BVB23— 
1,320 Ib. (600 kg). BBC52 RFL Bison—147} Ib. 
(67 kg.). 

the BMP Bencher .. . For fast economical drill- 
ing, this new type drill feed fitted, for instance, 
with a Lion rock drill, is intended chiefly for 
drilling with integral steels with changes of 5’ 3” 
(1.6m). One man can easily operate two of these 
feeds simultaneously. Weight: 89 Ib. (40 kg.). 


FOR DRIFTING AND TUNNELLING 
the Lion with pusher leg . . . The Lion is the 
finest high-capacity, all-round rock drill available! 
With its powerful impact and rotation, this versa- 
tile machine gives effortless one-hand control 
and is fully effective in short-hole as well as 
long-hole drilling. Weight: 

BBC 22 Lion—65 Ib. (29.4 kg.). BMT 50 Pusher leg 
—34 Ib. (15.4 kg.). 





A complete range of Atlas Copco rock drills 
and benching machines for every class of 
work. 

Take an Atlas Copco lightweight drill, a pneumatic 
pusher leg and a Sandvik Coromant drill steel! 
You're looking at the world’s most successful 
rock drilling combination—currently drilling about 
1,650,000,000 feet a year (502,920,000 metres). Such 
success has been made possible by the develop- 
ment and design of these units for use together, 
giving a combination perfectly balanced for 
maximum operating efficiency. 


The same is true of every type of Atlas Copco drilling combination, light, 
medium and heavy. Drills, steels and feeds are perfectly matched. The range 
includes drills for every class of work—drifting, stoping, benching and secon- 
dary drilling. There are air-blown and water-flushed machines, pneumatic 
pusher iegs, chain and screw feeds, and a complete series of Sandvik Coro- 


FOR SURFACE WORK 
the RH 571-3L drill . . . A light, air-flushed 
machine for surface work. Its reliability, high 
penetration rate and low air-consumption make 
it an ideal drill for contracts where low cost 
footage really counts. 


here are a small selection from the very large 

Atlas Copco range. This range is fully de- 

scribed in a series of leaflets and folders. 

Write for copies (giving some indication 

of the type of drilling in which you are interested) 

to your local Atlas Copco company or agent or to the 
address below. 


WRITE FOR LITERATURE. The drills = 


Sales and Service in ninety countries. With com- 
panies or agents in ninety countries, Atlas Copco is the 
world's largest organisation specialising solely in com- 
pressed air equipment. Products inciude rock drills, 
loaders, portable and stationary compressors, air 
hoists, paint-spraying equipment and air tools of every 
description. Wherever you are, the international Atlas 
Copco group offers expert advice on the selection of 
equipment and provides a complete after sales service. 


Atlas Copco AB, Stockholm 1, Sweden 


Stlas Copco 


PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


6M P31 
Bencher 


Lion Rock Drill with pusher leg 


RH 571-3L Rock Drill 
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Book Reviews 


Fluid Mechanics for Engineers, P. S. Barna. Butter- 
worths Scientific Publications, 4-5 Bell Yard, Lon- 
don, W.C.2. 377 pp. Price 57s. 6d. net. 

This single volume was planned primarily to pro- 
vide adequate coverage for courses leading to a 
degree or diploma in mechanical or civil engineering 
in this relevant field. The fundamentals have been 
clearly and concisely analysed with emphasis on a 
broad representation of the subject. A large number 
of examples with complete solutions illustrate the 
preceding theory and in some cases some simple 
examples are followed by more complex ones. The 
book has been conveniently divided into three sec- 
tion: the first is on the fundamentals and establish- 
ment of laws of fluid aggregate, the second is on 
compressible flows, and the third is devoted to roto- 
dynamic machinery. 

Parts of the book and especially the second sec- 
tion on compressible flows have a strong aerodyna- 
mic influence. This is apparent in the chapters on 
dimensional analysis which is well presented and 
introduces the scale effect and the z theorem, 
boundary layer, and the elements of wing theory, 
the last of which may be useful as a forerunner with 
axial flow machinery. The text on the flow of com- 
pressible fluids is limited to flow in closed ducts only 
as the scope of the book does not include free-sur- 
face flow. There are also some very interesting brief 
analyses of shock waves both sonic and subsonic. 
The chapter on flow in open channels is somewhat 
limited and illustrates the academic principles only, 
while in the section on rotodynamic machinery, the 
subject of cavitation is discussed with an outline of 
the Thoma cavitation parameter. The author has 
anticipated that certain elementary concepts such as 
density, pressure, force, etc., are already familiar 
to the reader and their detailed discussion has been 
omitted only to add to the conciseness of the text. 


Le Boulonnage des Roches en Souterrain (Under- 
ground Rockbolting). By A. Hugon and A. Costes. 
Eyrolles Editeur, 61 Boulevard Saint-Germain, Paris, 
V. 180 pp., 16 x 25 cm., 80 fig. Price 29-00 NF, 31-47 
NF including Postage and tax (France), 30°35 NF 
packing and postage (abroad). 

Although several papers have been written on rock- 
bolting, and indeed a few in WATER PowER (April, 
p. 150, May, p. 171, 1954; December 1955, p. 452; 
January 1956, p. 25), this is the first book of which 
we are aware devoted entirely to the subject. The 
principle involved is not new but its application on 
an industrial scale is relatively recent. The strengthen- 
ing of the area round the excavation by bolting it to 
the deeper layers offers the advantages of economy, 
simplicity and rapidity. The tunnel may then be 
driven full face with minimum of obstruction. Dura- 
bility is limited only by the corrosion of steel. Until 
recently, rockbolts have been used empirically. When 
the complexity of problems which present themselves 
are considered—nature of the terrain, rock hetero- 
geneity, the systems of fissures and joints in tunnel- 
ling—there is no general solution which, when ap- 
plied, would prove universally successful. But despite 
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these variations, certain uniformities are in evidence 
and it is in these that further researches have been 
carried out. The authors, who are officials of the Sec- 
tion Technique du Génie, have had many years’ ex- 
perience in carrying out numerous underground 
works, and therefore have established a certain num- 
ber of rules to calculate the effects of this type of 
support and to adopt the most appropriate bolt for 
the projected work. A condensation of these experi- 
ences resulted in this book. 

The text defines the theoretical rules to permit the 
calculation of rockbolting and the choice of the bolt 
type. There are ten chapters which can be summarised 
as follows:— 

Chapter I begins with the basic preliminaries and 
laws such as Young’s modulus, Poisson’s coeffient, 
Mohr’s circle, Hooke’s Law, intrinsic curves and an 
introduction to the types of arches in tunnels. The 
mechanical properties of rock, homogeneity and iso- 
tropy, and elastic properties are also listed. 

Chapter II shows the principles of rockbolting and 
analyses the actions of the bolt, both perpendicular 
and oblique, on the strata. The direct actions to oppose 
roof sagging, or the indirect action after sagging has 
taken place are considered. 

Chapter III gives bolting calculations in horizontal 
strata with examples on the length, height of the 
shank and tightening pressure of the bolt in cases 
both of verticality and obliqueness. The reasoning, so 
far, has been concerned with hypothetical terrain, i.e. 
homogeneous. In fact such terrain is rarely found and 
theoretical science cannot help much; but the 
examples given can be adapted where faults occur. 
Here, the authors leave it to the bolting engineer to 
carry out such adaptations depending on his indi- 
vidual experience and the type of rock encountered. 

Chapter IV is entirely devoted to the solution of 
numerical examples. 

Chapter V discusses the rockbolting equipment: the 
drilling tools, supporting framework and personnel 
platforms. The authors have shown a preference to 
electrically driven rotating drills with a guiding 
trepan rather than pneumatically driven hammer 
drills. This method is suitable for the comparatively 
soft rock in the iron and coal mines where the authors 
have gained the major part of their experience. There 
is nO mention, however, of tunnelling in the somewhat 
harder rocks such as are encountered in hydro pro- 
jects. The chapter then lists the various types of bolts 
in use in France, viz. The Ancrall, Bayliss. Boltex, 
Goldenberg, G.H.H., Pattin, Armex and the Victor. 

Chapter VI gives an interesting study in the design, 
mechanics and application of the slit-and-wedge-type, 
the expanding single and multi-shell type, and the 
Bayliss rockbolts. 

Chapter VII is on tests and measurements. Since 
the terrain is usually changing, it is difficult to estab- 
lish completely a plan of rockbolting without having 
first carried out in sifu tests on the nature and charac- 
teristics of the rock. This chapter does not give abso- 
lute rules, but states the methods and conclusions of 
tests that the authors have conducted in the past, giv- 
ing numerical examples. 

Chapter VIII introduces the reader to concrete bolt- 
ing where mortar is injected through a hollow in the 
shaft of the bolt emerging through perforations in the 
shank to form an anchor along the entire length of 
the bolt. 

Chapter IX discusses the optimum results to be 
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Which is the equipment you take for granted? That which gives you 
the best service and the least trouble. Take VT compressors: their 
outstanding design features mean greater operating efficiency and 
fewer maintenance problems. So naturally, once they're in service, 
they tend to be forgotten. On the whole, we like it that way! 


Unequalled power-to-weight ratios 
These are the simplify transportation and manhandling. 
Simple design— 
Com pressors local mechanics anywhere can service these machines. 
Air- or Water-cooled engines— 
you ta ke for backed by world-wide service facilities. 


All models are of the same basic design— 
sO spare parts are interchangeable and maintenance 


granted problems reduced. 


‘Fuelmiser’ economy— 
the automatic speed adjuster gives smooth running and extra 
fuel economy. 







Sales and service in ninety countries 





With companies or agents in ninety countries, Atlas 
Copco is the world's largest organisation specialising 
solely in compressed air equipment. Products include stationary and portable 
compressors, rock drills, loaders, hoists, air tools and paint-spraying equip- 
ment. Wherever you are, the international Atlas Copco group offers expert 
advice and provides a complete after-sales service. 






WRITE FOR THE LITERATURE There is a leaflet to describe each 
compressor in the VT series. Copies are available from your local j 
Atlas Copco company or agent or from the address below. x 


Atlas Copco puts compressed air to work for the world 


Atlas Copco AB, Stockholm 1, Sweden. In the U.K.: Atlas Copco (Great Britain) Ltd., Hemel Hempstead, Herts. 





VT3 Weight 2,180 Ib (990 kg) VT4 Weight 2,310 Ib (1050 kg) VTS Weight 2,900 Ib (1315 kg) VT6 Weight 3.590 Ib (1630 kg) 
115 ¢.f.m, (3.2m*/m) 160 c.f.m,. (4.5m?/m) 225 c.f.m (6.4m*/m) 315 c.f.m. (8.9m?/m) 
PCRI 
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obtained in rockbolting by considering an ideal bolt 
and drawing on the various conclusions established 
in the preceding chapters. 

Chapter X, which is the final one, summarises the 
varied utilisation of rockbolting both underground 
and overground. 

The book is comprehensive on this subject and 
gives an adequate picture of the design, theory and 
practical application of rockbolts, thus bringing the 
reader from basic principles to up-to-date design. 


8 er ey 
Absperrogane in Rohrleitungen (Hydraulic Valves 
for Pipelines). By Walther Volk. Springer Verlag, 
Berlin/Gottingen/Heidelberg, and I. R. Maxwell & 
Co. Ltd., London. 176 pp., 145 ff. Price 23 DM. 

“Hydraulic Valves for Pipelines” constitutes Vol. 
i8 of a series of handbooks published by Springer 
under the editorship of Prof. K. Kollman, of Karls- 
ruhe, and is interesting because it is one of the few 
works devoted to this subject since Pearson’s “Design 
of Valves and Fittings.” This new German textbook, 
however, is broader in scope and of greater interest 
to hydro-electric engineers. Each chapter dealing with 
a particular type of valve has sections which outline 
the general construction, hydraulic characteristics, 
design calculations for major components including 
operating gear, and special purpose applications. 

The first two chapters introduce internal and external 
screw wedge valves for general pipework systems and 
present some interesting data on valve body and flange 
loads, stresses, operating forces, and sealing as well 
as discharge coefficients, losses and area/stroke 
characteristics. 

The needle or ring valve is frequently used on the 
Continent for high and medium head hydro-electric 
and pumped-storage schemes, and as might be ex- 
pected the treatment is detailed, although information 
on general construction, materials and sealing is brief. 
On the design side, external housing dimensions are 
analysed in terms of hydraulic considerations. Struc- 
tural and mechanical features such as the internal 
cylinder with supporting ribs are also dealt with. 
These are subsequently coupled with piston dimen- 
sions and opening/closing force calculations for 
mechanical or internal/external servomotor operation 
derived from the resultant hydraulic forces, guide and 
seal friction and operating gear resistance, according 
to the duty imposed on the valve. Tapered ring valves 
fitted with long, short and internal bladed ring diffu- 
sers may also serve as flow-measuring devices. Other 
applications are for ground sluices with free discharge 
or hollow jet disperser, bypass valves for pump pro- 
tection or as weight-operated quick-closing devices 
for pipeline failure actuated by mercury differential- 
pressure balances or over-velocity paddles. 

For each of these duties hydraulic characteristics 
such as pressure and velocity distribution, cavitation 
conditions, area / head - loss / discharge - coefficients / 
stroke relations are reviewed mathematically for plain 
and stepped piston designs suitable for automatic 
level control. 

The same approach is adopted for butterfly valves 
with regard to the general construction of the cast or 
fabricated body, blade, shaft, bearings, leakage losses 
with metallic and rubber sealing, hydraulic charac- 
teristics, operating forces and special applications. 

Although the book mentions valves associated with 
water turbines, the author’s interest in pumps and 
long pipelines is evident throughout. From this point 
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of view his treatment of the mechanical design and 
hydraulic characteristics of non-return valves, air- 
inlet/outlet valves, pump throttling and regulation for 
parallel operation and for feeding into multiple reser- 
voir systems at different levels, is uncommonly in- 
teresting and thorough. This is coupled with a brief 
introduction to graphical waterhammer calculations 
as applied to valve operation. 

A reference book on large valves for hydro-electric 
work has long been needed. Although about half of 
Volk’s work is devoted to ring/needle and butterfly 
valves and is of considerable value, the rotary valve, 
which is also commonly used for higher heads, is a 
significant omission. Some reference might also have 
been made to the causes of troubles resulting in slam- 
ming, vibration, jamming and noisy operation and 
more attention given to the design of oil and water 
hydraulic servomotors, their control circuits and 
accessories. Despite these shortcomings the compara- 
tively simple mathematics and German text, excellent 
printing and illustrations of typical German designs, 
by Bopp & Reuther (Mannheim), Erhard (Heiden- 
heim), Escher Wyss (Ravensburg), and Vereinigte 
Armaturen GmbH (Mannheim) should make this 
adequately-indexed book, with Central and Western 
European bibliography, a welcome acquisition to 
those who have to deal with hydraulic valve design, 
construction and application problems. 


Kempe’s Engineers Year-Book, 1960. Edited by C. E. 
Prockter, M.I.E.E., M.I.Mech.E., under the direction 
of B. W. Pendred, M.I.Mech.E., M.I.S.I. Published by 
Morgan Brothers (Publishers) Limited, 28 Essex 
Street, Strand, London, W.C.2. Two volumes, 2,738 
pp. Price 87s. 6d. Postage 2s. 6d. 

This most handy yearbook, now in its 65th edition, 
has been revised and brought up to date so as to cover 
the recent advances in science and in engineering 
practice. More than 120 pages of new tables and text 
have been added, and the information has been ade- 
quately arranged and indexed for rapid reference. 

The completely new sections deal with: Electronic 
Engineering; Nuclear Power (replacing the chapter 
Atomic Power); Prestressed Concrete; Diesel Loco- 
motives and Railcars; Railway Brakes; Railway 
Signalling; and Naval Architecture. Other additions 
refer to High Temperature Steels (chapter Iron and 
Steel); Cutting Tool Coolants; Ceramic Tipped Cut- 
ting Tools; Tube Bending Machines (Machine Tools); 
Machinery Skids; Dolly Trucks (Mechanical Hand- 
ling); High Pressure Flow Meters; Fatigue Testing 
Machines (Flow Metering and Mechanical Testing); 
Base Exchange Process of Water Softening (Water 
Engineering); Slewing Rings (Cranes and Crane Ap- 
pliances); N.C.B. Coal Classification Tables (Fuels); 
Boilers and Boiler Furnaces (Steam Engineering); 
Performance of Refrigerants (Refrigeration). 

Numerous alterations and additions have also been 
cairied out due to the issue of new and revised British 
Standards. The 84 chapters of this book cover the de- 
tails of the more important aspects of each branch of 
engineering, and as a source of reference, it is an un- 
equalled time-saver. 





The Micanite & Insulators Co. Ltd. This firm have 
published a brochure on their “Paxolin” insulators, 
giving a general description, a discussion on tubes and 
cylinders, technical data, dimensions, British Standard 
references, trade marks and so on. 
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Wherever information on fluid flow is required, 


the de Havilland POTTERMETER 


sets new standards of accuracy and reliability 





This new turbine-type flowmeter enables major advances to be made 
in the techniques of flow measurement and control. The de Havilland 
Pottermeter is the only flowmeter which offers all these features: 


Accuracy to + 0-1°%, or better on repetition work, + 0-5°., or better over a 20-1 range. 
Calibration remains constant over wide flow ranges. 


Contains only one moving part—no thrust bearings —demands a minimum 
of maintenance. 


No larger than the pipeline in which it is installed—may be mounted in any attitude. 


Can be supplied with indicating, recording and process control equipment — 
gives digital presentation of results. 


Can measure volumetric or mass flows. 


Models available to measure flows from 0-1 to 40,000 Imperial gallons per minute, at a 
wide range of operating pressures. Larger and smaller sizes made to order. 


Manufactured as standard in stainless steel—can be made 
in any non-magnetic material. 


Write now for further details to: 


DE HAVILLAND PROPELLERS LIMITED 
(INDUSTRIAL SALES DIVISION) Hatfield, Herts 
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The de Havilland Pottermeter 


De Havilland Propellers Limited, Hatfield, Herts., 
England, have recently acquired the European manu- 
facturing rights for an American fluid-flow meter 
known as the Pottermeter, and are responsible for 
sales in most countries of the world apart from the 
American Continent and the Far East. 

The Pottermeter is a propeller-type instrument, but 
it incorporates certain special features of design which 
are claimed to impart an unusually high degree of 
accuracy. If a propeller unit is to register a flow with 
100% accuracy it must do no mechanical work, but in 
practice work has to be done in actuating the count- 
ing mechanism and in overcoming mechanical fric- 
tion. In the Pottermeter an answer 
has been provided to both of these 
problems; the counting mechan- 
ism is electronic, and the end 
thrust which a propeller normally 
exerts on its bearings is neutralised 
hydraulically. 

Referring to the exploded illus- 
traiion, Fig. 1, the rotor is made 
of non-magnetic material (nor- 
mally stainless steel) but a small 
permanent magnet is embedded in 
the rotor hub. As this magnet 
rotates it generates an electrical 
pulse in a coil inserted in a thimble : 
in the side of the meter body, and Yio 
the pulses are counted by elec- , 
tronic equipment designed to suit 
the particular requirements. 

In a normal propeller meter the 
main source of mechanical fric- 
tion arises from the end thrust 
exerted by the rotor, to sustain 
which a thrust bearing has to be 
incorporated. This, in fact, im- 
poses a limitation on the size of 
meter, because a large meter re- 
quires a fairly substantial thrust 
bearing, which in turn can impose 
appreciable friction and thus im- 
pair the accuracy of the meter. In 
the Pottermeter a “pick-up” prin- 
ciple prevents this thrust from ol 
developing. Referring again to 
Fig. 1, the bearing housing up- at 
stream of the rotor carries a fixed 
cone, which can be seen at the 
end of the housing immediately 
adjacent to the rotor. This cone 
reduces the cross section available 
for flow, and after the manner of 
a venturi increases the velocity 
and reduces the pressure at the up- 
stream end of the rotor. At the 
downstream end the cross section 
returns to virtually full bore, so 2 
that the pressure rises above that 
in the constricted section up- 
stream. A resultant thrust there- ol 
fore develops which draws the i) 
rotor against the direction of 
flow and prevents its exerting 
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any thrust in a downstream direction. If the design 
were left at this point it would be possible for the 
rotor to exert an upstream thrust, but this is overcome 
by making the diameter of the upstream end of the 
rotor slightly larger than that of the cone. Should, 
therefore, the rotor approach too closely to the cone 
it will present a narrow annulus to the flow, the pres- 
sure from which will keep it out of contact with the 
cone. Thus the rotor floats freely between its two pin 
bearings, which serve simply to locate the rotor. 

We had an opportunity of verifying the behaviour 
of the rotor by watching a demonstration on the test 
rig at the Hatfield works. A meter was mounted ver- 
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Fig. 1. Exploded view of the de Havilland Pottermeter 
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Fig. 2. Typical performance curves of a Pottermeter 


246 


















Air... compressed air... power... Holman 


HMB 


70 


tae Ane, 
gest 













When you want 
a rotary compressor— 
make it a Holman Rotair 


Only the Holman Rotair portable rotary screw compressor 


gives an output of up to 600 cubic feet a minute at 
100 p.s.i. in one stage. Temperature rise is only 100°F 


above ambient. No timing gear is employed in the Rotair 


—so additional reliability is ensured. With all these 
compressor advantages too ... 


Pulseless Output 

Negligible Compressor Maintenance 
Minimum Friction 

Light Weight 

Only Two Moving Parts and 

Four Bearings 


* THE ROTAIR 370 IS NOW IN PRODUCTION 


Holman Bros. Limited, Camborne, England; Camborne 2275 and at 44 Brook Street, London W.1; Hyde Park 9444 


Also in Birmingham - Cardiff - Glasgow - Peterborough - Sheffield. Australia - Canada - East Africa - France 
U.S.A. + West Africa. With Agents and Representatives throughout the world. 


India + South Africa - Spain - 
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tically in a perspex body and subjected to a down- 
ward flow. The rotor lifted off its lower bearing im- 
mediately flow commenced, but even at maximum 
flow it was possible to see daylight between the top of 
the rotor and the stationary cone. 

It is on these two features of electronic registering 
and of the elimination of end thrust that the claims for 
accuracy are based. A general claim is made that the 
recorded flow is within 0°5% of the true flow, but we 
understand that considerably better results than this 
have been achieved. Linearity is obtained down to at 
least one-tenth of full flow, and may even extend 
down to one-twentieth. An important characteristic is 
the repeatability of the results, which can be within 
0:1%. The demonstration meter to which we have re- 
ferred was subjected in our presence to three runs of 
50 gallons of water. The revolutions counted for the 
three runs were 1,547, 1,547 and 1,545. Fig. 2 gives 
typical performance curves for a 14 in. meter. 

Various types of electronic indicating equipment 
are available to suit different requirements. The 
simplest apparatus is a digital totaliser which merely 
records the number of pulses received. A further 
equipment can total directly in gallons (or other units) 
by setting to the appropriate meter factor (evolutions 
per gallon). Density measurements of the fluid can 
also be fed into an appropriate apparatus to give a 
total in mass-flow units (e.g. pounds). By combining 
the totaliser with a timing element the result can be 
indicated in the form of a flow, and by introducing a 
selector switch the flows passing through a number 
of meters can be successively monitored from a cen- 
tral control board. Precision metering of successive 
quantities of liquid, blending of liquids, and leakage 
detection are other available refinements. 

An important property of the Pottermeter, although 
not one of direct interest to the hydraulic engineer, is 
its versatility in respect of the ranges of temperature, 
pressure, and viscosity under which it will operate 
satisfactorily. It can also be used to meter air or other 
gases. 

Pottermeters are made at Hatfield in sizes from } in. 
to 6 in. bore, but meters up to 22 in. bore have been 
made by the parent American company, and there 
appears to be no difficulty in principle to the manu- 
facture of even larger meters. We still appear to be a 
long way from the direct measurement of flow to a 
water turbine, but the Pottermeter could be very valu- 
able in hydraulic laboratories where a precision meter 
is required for model tests. 


Waterproofer for Concrete 


A new waterproofer for concrete is being produced 
by Durham Raw Materials Ltd., 1-4 Great Tower 
Street, London, E.C.3. The product, Durham Duro- 
seal, an aluminium stearate, is a creamy-white free- 
flowing powder which is easily dispersed in the con- 
crete mix to form an effective waterproofing agent. 
The advantage of an integral waterproofer is that the 
material is dispersed throughout the mix at the time 
of manufacture and consequently the concrete pro- 
ducts have a longer life and a greater resistance to 
water which is not affected by erosion or cleaning of 
the stone facing. 

Cement aggregate mixes of various consistencies 
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containing Durham Duroseal were tested according to 
B.S. 473 and 1881 over a period of three months, 
using a head of water equivalent to rain driven by 100 
m.p.h winds. A reduction in water absorbency by the 
test pieces of many times that of untreated material 
was achieved and in particular it was found that the 
drier the original mix the more marked was the ad- 
vantage of using Duroseal. 


The Poly-V Drive 


It has long been the aim of engineers concerned 
with power transmission problems to combine the 
flexibility and simplicity of the flat belt drive with the 
higher speed ratios, shorter centre distances and free- 
dom from slip of the V-belt drive. The problem has 
now been solved by the development of the “Poly-V” 
drive which is being introduced into the United King- 
dom by Turner Brothers Asbestos Limited, of Spot- 
land, Rochdale, Lancs., a member firm of the Turner 
and Newall Organisation. 

The concept of the “Poly-V” drive is extremely 
simple. The belt is, in effect, a flat belt with a series 
of parallel V-shaped ribs moulded on its inner sur- 
face. These ribs form the driving surface of the belt 
and completely fill mating grooves on the pulleys, 
there being no clearance between the two. Two highly 
important benefits are thus achieved: firstly, the load- 
carrying member extends across the full face of the 
drive, unlike the multiple V-belt drive where part 
of the total drive width available is wasted by the 
space between belts; secondly, the grooved inner face 
of the belt has about twice the surface area in contact 





A right-angle drive formed by a Turner Poly-V belt 
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Moon OlL FOR MIGHTY KARIBA TuRBINEs At the heart of the 
£80,000,000 Kariba Dam there are six giant turbine generators, each 
requiring about 5,000 gallons of lubricating oil. Mobil (the makers of 
Mobilgas and Mobiloil) have supplied more than 30,000 gallons of 
Mobil DTE Oil for this purpose. The Kariba Dam is more than a 
great engineering achievement: the electric light and cheap electric 
power it will produce mean technical progress, prosperity, health, and 
education. That is why Mobil are proud to be playing a part at Kariba. 





Inside the dam 
Mobil tanker 
delivering oi 





MOBIL OIL COMPANY LIMITED, LONDON S.W.1 | — 
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with the pulleys when compared with a multiple belt 
drive of similar widths. 

These two principal features mean that the “Poly- 
V” drive can transmit the same load in less space or 
a greater load in the same space as a multiple belt 
drive. In fact, it has been found that the “Poly-V” 
drive will increase drive capacity by about 50 per 
cent. 

The “Poly-V” drive is made in three different pro- 
files. Two of these—the “L” and “M”—between them 
cover the whole range of power transmission now 
covered by five different V-belt cross sections (none 
of which are interchangeable). This is because the 
load-carrying member of the drive is carried above 
and outside of the pulley grooves and is thus quite 
independent of the size and shape of groove. Furiher- 
more, the frequent difficulties met with in matching 
up V-belts are avoided completely. 


Mineral-Insulated 
Thermocouple Materials 


Accuracies of 3% below 400°C. and 3% above 
400°C. are obtained from the first of some new 
mineral-insulated thermocouple materials available 
from Honeywell Controls Limited. Accuracies up to 
three times as good are available to special order. The 
materials can be supplied separately or made up into 
thermocouples. 

Initially there are two materials, chromel/alumel 
(Hoskins Company manufacture) and T1/T2, the wire 
sizes being -020 in. and -010 in. respectively, and over- 
all sheath diameter -122 in. and -060 in. Resistance 
per foot for the chromel/alumel is 1-1 ohms (positive 
conductor) and 0°44 ohms (negative); resistance per 
foot for the T1/T2 is 4-6 ohms (positive) and 1-85 
ohms (negative). Insulation resistance is 100 megohms 
minimum. The material can be supplied with ends 
sealed and no junction made, alternatively as thermo- 
couples having one hot junction, with or without 
mounting attachment. A thread is supplied as stan- 
dard at the cold end. 

The two materials are the first of several mineral- 
insulated materials being introduced during 1960 by 
Honeywell Controls Limited, Greenford, Middlesex. 


Standard Hydro-Electric Units 


A range of small standard hydro-electric units has 
been developed by Gilbert Gilkes & Gordon Limited, 
Kendal. Designed for providing a simple and reliable 
source of a.c. power in remote and isolated areas, 
these units cover a power range from 5 to 25 kW and 
they are suitable for heads of water between 90 and 
300 ft. (26:5 and 91-5 m.). 

The compact arrangement of the equipment is 
shown in the illustration. The design consists of a 
Gilkes Turgo impulse wheel overhung on the lower 
shaft extension of a vertical-shaft alternator. Water is 
supplied to the turbine through a spear regulator of 
normal design which obviates the need for an inlet 
valve if the pipeline is short. Speed control is by 
means of a jet deflector operated by a shaft governor 
of new design mounted on top of the alternator. 

It is important to realise that, unlike some standard 
units, this is a governed unit producing alternating 
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Gilkes standard hydro-electric set 


current at standard voltage and frequency and it can 
be used to operate normal domestic, agricultural and 
small industrial equipment. The alternator is of the 
well-known Stamford design and has a simple static 
excitation and regulation system housed in the control 
panel. Voltage regulation is very close at all lagging 
power factors, and 50 or 60 cycles per second alterna- 
tors can be supplied for any voltage up to 550 V 
single or 3 phase. The units are designed as standard 
for tropical conditions and altitudes up to 10,000 ft. 

Only the simplest foundations and turbine house 
are required. Further designs are being developed for 
outdoor installations, for direct mechanical drives to 
small mills or other machinery, and for asynchronous 
units to operate in parallel with existing systems. 





70 années de l’Association Suisse des Electriciens 
(Seventieth Anniversary of the Swiss Association of 
Electrical Engineers). Published by A.S.E., 301, See- 
feldgasse, Zurich 8, as a special issue of their Bulletin; 
8 in. by 114 in., 60 pp., 45 ff. Price in Switzerland, 
Swiss Fr. 4. 

This issue of the A.S.E. Bulletin, printed on art 
paper, marks the 50th anniversary of the Bulletin, and 
the 70th of the Association itself. In addition to eight 
articles which are of special interest to electrical en- 
gineers and technicians, it also includes a reprint of 
Professor H. Gerber’s lecture on “Model Tests for 
Hydraulic Machines and their application to Recep- 
tion Tests” which opened the meeting on model tests 
held at the Federal Technical University in Zurich on 
February 13, 1959. 
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We construct and supply: 


Hydraulic steel structures 

Weirs 

River and sea locks 

By-pass gates, safety gates 

Valley storage dams 

High-pressure piping (penstocks) 

Dock gates 

Ship lifts 

Slipways 

Floating cranes 

All hydraulic structures (including mechanical 
and electrical equipment) are supplied and erected 
ready for operation. 


Photos | and 2 
7 spillway tainter gates 12 x 12 m for dam flood control 


Photo 3 

Wye pipe for hydraulic power conduit 
Inlet opening 7010 mm ¢ 

Outlet opening 4240, pressure 7.6 atm. g 
Rate of discharge 17 cu. m/sec 


FRIED. KRUPP MASCHINEN- UND STAHLBAU RHEINHAUSEN 
U.K. Agents: J. M. J. Maus Ltd., 35 New Broad Street, London E.C.2 
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World Technical Press 





Collapsible Dam 

This unique dam—a giant nylon bag coated with 
neoprene—was developed by Firestone Tire and 
Rubber Co. to serve dual requirements of the Los 
Angeles Department of Water and Power in provid- 
ing the city with water, and of the U.S. Army Engi- 
neers in proiecting the city against floods. It is to 
replace a wooden dam to divert Los Angeles river 
water into nearby basins. During the winter months, 
when flood danger is imminent, this dam had to be 
removed to prevent the river from overflowing its 
banks, resulting in the loss of valuable water into 
the Pacific Ocean. The nylon dam, which can be left 
in place the year around, can be collapsed in 10 
minutes should flood danger arise, and it takes about 
25 minutes and 50,000 gallons of water to inflate it 
again to its maximum height of eight feet. The bag, 
150 ft. long and 8 ft. in diameter, was made in 30 ft. 
sections, which were subsequently cemented together 
to form a continuous piece by means of Loxite, an 
adhesive developed by the rubber company. The dam 
is bolted to the cement bottom and retaining walls of 
the river. It is estimated that, in the case instanced, 
it can save same 3,000 acre-ft. of water annually. 
(Indian Journal of Power and River Valley Develop- 
ment, Vol. IX, No. 9, September 1959, pp. 57-58, 1 f.) 

Note: This article is appended to a special issue 
devoted to the activities of the Central Water and 
Power Commission of India. 


Stora Lule Development 

This article deals with the design of the installations 
of the Ligga power plant: dam, water supply system 
and power house. The Stora Lule is one of those 
typical Swedish rivers rising out of a lake or cluster 
of lakes, and the Ligga plant is the downstream link 
of a three-stage system comprised between the Lule- 
jaure and the confluence with the Lilla Lule River, 
the two other stages being Harspranget and, farther 
upstream, the 45-year-old Porjus plant. The head of 
these three stages aggregates 672 ft. of the 1,212 ft. 
fall between Lake Stora Lulejaure and the Gulf of 
Bothnia. The remaining 165 ft. downstream of Ligga 
are to be harnessed in a four-stage system. The Stora 
Lule River’s catchment at Ligga is 3,960 sq. miles 
and, under the present regulation schedule, discharge 
varies between a normal high-water flow of 24,000 
cusecs, rising exceptionally to 43,200 cusecs, and a 
winter flow of 7,400 cusecs in a dry year. The normal 
mean flow fluctuates only slightly between 9,000 and 
8,800 cusecs. Following a review of the general layout, 
a detailed description of the works is given. The earth- 
and rock-fill dam across the river rises 115 ft. above 
the rock bed, and has a length of 1,150 ft. at the crest; 
the unlined 320 ft. diversion tunnel on the right bank 
has a cross-section of 1,080 sq. ft.. except at the inlet, 
which is 26 ft. wide and 33 ft. high. When building 
up the water storage in May and June 1954, the tunnel 
was closed by a 250 ton vertical-lift gate which had 
already fulfilled the same purpose at Harspranget. 
The power intake is bounded on the spillway side by 


WATER POWER June 1960 





a pier through which the inlet of the log chute runs. 
A short forebay has been blasted out in front of the 
intake. The two penstocks, of welded steel plate, are 
embedded in concrete in shafts cut in the rock. The 
underground machine hall is 252 ft. long by 63 ft. 
wide between the rock walls; the hall proper measures 
57 ft. between floor and rock roof, but the aggregate 
height excavated between the bottom of the draft 
tubes and the rock roof is no less than 161 ft. The 
generating equipment consists of two vertical-shaft 
Kaplan turbines passing together 500 cu. m. per sec. 
at 167 r.p.m. from a head of 40 m., and coupled direct 
to three-phase generators 165 MW in aggregate capa- 
city. The free-flow tailrace tunnel, 1,050 ft. long and 
42-7 ft. wide, has no surge basin. Its cross-section of 
2,790 sq. ft., that is to say, 750 sq. ft. larger than at 
Harspranget, ensures free flow even in the event of 
surges at the maximum downstream water level. An 
open canal, also cut out of the rock, 2.920 ft. long, 
2,150 sq. ft. in effective cross-section, 15,250 cusecs 
in discharge capacity, connects with the tailrace 
tunnel and returns the water to the river. A short des- 
cription of construction work, contributed by Gunnar 
Magnusson, is appended. (J. F. Hagrup. No. 22 of 
the Blue-White Series of the Swedish State Power 
Board, 16 pp., 19 ff.) 


Senj Power Station, Yugoslavia 

After the beginning of construction work on the 
Split and Dubrovnik installations, the main stages of 
the Cetina and TrebiSnjica developments respectively, 
has been started on the Senj plant. The main stage of 
the Lika and Gacka development, which is to have an 
installed capacity of 216 MW, and to produce 1,040 
GWh a year, has been begun. This article gives a his- 
torical survey of the project, as well as a description 
of its main features. (M. Nadini¢, Energija, Zagreb, 
Vol. 8 (1959), No. 7/8, July/August 1959.) 


The Vogelgriin Power Station 

The Vogelgriin stage of the Rhine development, 
which was due for completion at the end of 1959, 
is sited on the Grand Canal d’Alsace. The discharge 
it harnesses is restricted by the flow diverted at the 
upstream end of the canal, at Kambs. The catchment 
involved extends to 35,930 sq. km., including 1,000 
sq. km. of lakes and 100 sq. km. of glaciers; the 
long-term discharge averages 29-5 lit. per sec., the 
discharge of the canal being 1,080 cu. m. per sec. and 
its utilisation coefficient in relation to the Rhine is 
0-84. The return to the river for the installations to 
be set up downstream of Vogelgriin will raise the 
canal discharge to 1,400 cu. m. per sec. during an 
average of 90 days a year. The head will vary in 
accordance with the level of the river at the down- 
stream end of the canal between 11°6 and 15:5 m. As 
at the Ottmarsheim and Fessenheim plants, Vogelgriin 
houses four generating units, set up each as a self- 
contained block on a slightly reinforced common sill, 
the spillway block being sited between No. 2 and No. 
3 units. There are tar-coated expansion joints between 
adjacent blocks, with waterstop packings. The ferro- 
concrete turbine scrolls support only part of the 
weight of the upper floors; in fact, the fixed guide 
vanes were fitted at the time concreting began, and 
not upon completion of the shell of the building, so 
as to enable them to take on a large portion of the 
weight of these floors, and transmit it to the founda- 
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tions. This procedure allows for a lighter reinforcing 
of the ceiling of the casings, but on the other hand, 
requires a particularly accurate placing of the concrete 
to prevent the fixed vanes from getting out of adjust- 
ment. The generating units, consisiing each of a 
48.000 h.p. Kaplan turbine and a 39,000 kVA 10:3 
kV umbrella-type three-phase alternator, operate from 
a head of 13-5 m. at 83 r.p.m. There are three inlet 
bays to each casing and a double outlet to each draft 
tube. On the whole, the Vogelgriin plant, fourth of 
the eight stages of the Rhine development, is to a 
great extent similar to the upstream stages, particu- 
larly with regard to the power canal which constitutes 
Fessenheim’s tailrace. The main difference lies in the 
permanent character of the channel returning the 
water to ihe river, and the same layout is also con- 
templated for the four stages which will compleie the 
development downstream. (M. Loubatton and R. 
Schaffer, EDF, La Houille Blanche, Vol. 14, No. 2, 
March-April 1959, p. 213, 8 pp., 10 ff.) 

Note: This issue of La Houille Blanche is entirely 
devoted to the Rhine development and comprises, in 
addition to the above article, three articles on the 
hydrology of the river, five on the hydro-electric 
equipment of its various stretches from upstream of 
the Lake of Constance to the German stretch down- 
stream from Strasbourg-Kehl, and one on the Dutch 
Rhine. Two furiher articles deal with the Marckhols- 
heim barrage, now in course of construction below 
Vogelgriin, and the Fessenheim locks. 


Energy Loss Over Ogee Spillway 

The ogee spillway has been the object of much 
more research and study than probably any other 
hydraulic structure, but still much needs to be known 
about the loss of energy over the spillway surface. 
This paper is an attempt to add a little more to the 
general pool of information of the flow characteristics 
of this type of spillway. Following a review of the 
literature available on the problem, a theoretical ex- 
pression for the energy loss on the spillway is de- 
veloped as the product of two functions. Suitable 
tables are added to simplify computations, and the 
paper concludes with two practical problems and their 
solution to illustrate the procedure proposed. (N. 
Rajaratnam, /rrigation & Power, Vol. XVI, No. 3. 
July 1959, p. 338, 10 pp., 2 ff... 4 tables.) 


A Novel Cofferdam Technique 

Erected in conjunction with a new sewage pumping 
station in Louisville, U.S.A., this cofferdam presents 
features which, under suitable conditions, may find 
their way into hydro-electric schemes. The circular 
cofferdam has to provide an inside clear space 101 
ft. in diameter to contain the structure housing the 
pumps and other operating equipment, and measures 
64 ft. from the top of the ground to the bottom of 
the reinforced-concrete structure. The first operation 
was to drive steel piling next to an existing reinforced- 
concrete sewer that could not be disturbed, then 65 
ft. H-section beams, all to a penetration of about 12 
ft. below the bottom of the pumproom slab, before 
excavation could begin. As excavation proceeded, 
timber lagging, increasing in thickness as the hole 
got deeper, was sawed to 6:5 ft. lengths and inserted 
against the face of the cut. It was when excavation 
was down to about 17 ft. below ground, that the new 
technique was initiated: the casting in place at this 
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level of the first of five concrete waling rings 2 ft. 
thick, at the inside face. Each ring contains about 75 
cu. yards of concrete and is held in position vertically 
by heavy strengthening bars set at an angle of 45°. 
These steel bars are embedded in the concrete and 
welded to alternate soldier beams. There were to be 
five ribs in all, but when two of the steel bars pulled 
loose in the third ring from the top 36 ft. below 
ground, the contractor cast an additional ring just 
below it. The complete waling thus consists of a twin 
ring set between two single rings above and two be- 
low. (Engineering News-Record, Vol. 163, No. 15, 
October 8, 1959, pp. 36-37 3 ff.) 


Yaté River Development 

The purpose of this development, the first two 
generating sets of which have been on the line since 
August 1958, is to provide power to New Caledonia’s 
smelter furnaces which will in future be heated by 
eleciricity instead of solid fuel. The station will have 
an ultimate installed capacity of 68 MW and produce 
yearly 360 GWh, and it stands on the same site as 
the old 15 MW installation, the output of which did 
not exceed 50 GWh per annum. This substantial in- 
crease has been obtained because the new dam raises 
the available head from 120 to 160 m., and because 
the 300 million cu. m. reservoir it creates enables the 
discharge of the freakish Yaté River—varying be- 
tween | cu. m. and 5,000 cu. m. per sec.—to be satis- 
factorily regulated. The existing pressure tunnel and 
power station have been suitably altered, and remain 
incorporated in the new development. The spillway is 
inserted on the left bank of the river between the 
main dam, an arched structure which did not require 
more than 130,000 cu. m. of concrete, and a slightly 
arched wing wall, 4 m. thick, which connects at its 
upstream end with a rockfill dyke extending to the 
point where it coincides with the natural slope of the 
ground. Completion was scheduled for August 1959. 
(J. Francou, EDF, Travaux, No. 300, October 1959, 
8 pp.. 13 ff.) 
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Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourrence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 


SHOTBLASTING—METAL SPRAYING 
COATING 
Epikote, Araldite, P.T.F.E., P.T.F.C.E., Polythene, P.V.C., 
Neoprene and Hypalon coatings applied on SITE or at 
WORKS. Loyne Limited, Margaret Street, Ashton-under- 
Lyne, Lancs. Tel. No. ASH 4551/2/3. 


EDITORIAL ASSISTANT 

A YOUNG ENGINEER (25-35) will shortly be required 
as editorial assistant to this journal. His qualifications and 
experience should preferably, but not necessarily, be in civil 
or hydraulic engineering or in laboratory work. An aptitude 
for technical writing is essential and some knowledge of 
languages would be an advantage. The right candidate would 
be trained with a view to the eventual editorship. Applica- 
tions should be addressed to The Editor, WATER Power, 
33 Tothill Street, Westminster, London, S.W.1. 
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The blades of a Kaplan Turbine orem 
automatically adopt the most efficient at 3 
angle to compensate for variations in the as 
water flow or the required power output. 
For this reason, Kaplan Turbines are 
usually installed in run-of-river plants 
under a low or medium head of water, 
and where the power load is subject 

to considerable variations. 

The Dominion Kaplan Turbine shown, 
is installed at the Gartshore Falls 
Development of the Great Lakes Power 
Company in Ontario. Both this runner 
and a similar one at the Cat Falls 
Powerhouse of the Company develop 
30,300 h.p. They are the two highest 
head Kaplan Turbines anywhere in the 
U.S. or Canada. Both operate in 
unattended, remote-controlled stations, 
and they incorporate features which 
were entirely developed and designed 

by Dominion engineers to ensure 
reliable and trouble-free service. 

These turbines supply power to 

Sault Ste. Marie, Ontario—one of 
Canada’s major steel producing centres. 





DOMINION ENGINEERING 


COMPANY LIMITED 
Head Office: P.O. Box 220, Montreal, Canada e Branch Offices: Toronto— Vancouver 
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“VALECTRIC”’ 


HEADSTOCKS 


USED BY LEADING 
AUTHORITIES 


including 


C.E.A. « L.C.C. 


LOCAL 
or 
REMOTE 
CONTROL 








Send for Publication P.12 (W) 


HaARP?LE YS 42D 
TRENT) 3 

Head Office & Works: Stoke-on-Trent, England 

London office: Hastings House, Norfolk Street, Strand, W.C.2 











Balfour Beatty 


& C0.,Limited 






COMPLETE INVESTIGATION, DESIGN 
AND CONSTRUCTION OF ALL TYPES 
OF CIVIL, ELECTRICAL AND MECHANICAL 
ENGINEERING PROJECTS 


CONSULTANTS TO 
BRITISH COLUMBIA ELECTRIC CO., LTD 
FOR THE BURRARD THERMAL 
GENERATING STATION, 
VANCOUVER B.C. 


hoon *: ASSOCIATED COMPANY 
INTERNATIONAL POWER 

AND ENGINEERING CONSULTANTS LTD. 

570 Dunsmuir Street, Vancouver, B.C. 


Consultants to 


The Peace River Power Development Co. Ltd. 


SUBSIDIARY COMPANIES souseessaas dS 


BALFOUR, BEATTY & CO. (CANADA) LTD. 
RUSSELL CONSTRUCTION LTD. 
Harbour Administration Building, 
Toronto. 







(CHEAPSIDE), LONDON, E.C.4 
AND 
640 WEST HASTINGS STREET, 
VANCOUVER B.C. 
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STRAND 











STRIPS 








SECTIONS 








the best raw material for 
the best electrical equipment 


























FREDERICK SMITH & COMPANY 





BARS 











Anacos products of copper and copper 
alloy in bare form for all electrical appli- 
cations. Wire in all sizes and diameters, 
rods and bars for machining purposes. 
strips for blanking and cold drawing and 
strand for cables and overhead lines. 


* ANACONDA WORKS - SALFORD3 - LANCS 





for fluid service 
COCKBURNS non-return SWING GHECK VALVE 


A large 

size valve (30’) 
suitable for 
aT Ye 


= Special 
Features 
ae 





and easy renewal. 





Minimum Pressure Drop 





* Counter poise device minimises Slamming action. 


Separate valve facing permits positive shut off 


| 
aS 


COCKBURNS LIMITED 
Cardonald, Glasgow, S.W.1 
London Office: 175 Piccadilly, W.1 
N.E. Depot: Fish Quay, N. Shields 
COCKBURNS (NEDERLAND) N.V. 


Kethel, Schiedam, Holland 
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hundreds of uses for 


Butterfly Valves are not what they used to be 


The old orthodox design of butterfly valves with all 
their inherent weaknesses are now things of the past. 
A completely new and patented bridge bearing system 
is incorporated in Gordon Butterfly Valves enabling 
very high pressure drops to be easily and smoothly 
controlled. 

These design principles together with a choice of tight 
sealing methods which completely eliminate any shaft 
or peripheral leakage greatly extend the range of 
applications, and today Gordon Butterfly Valves are 
being specified in a wide range of industries from iron 
and steel works to nuclear engineering and wind 
turinel operations. 

Available in sizes from 6” and upwards (standard 
designs include a 108” diameter valve), standard or 
purpose made, and in materials to suit almost any 
application, they could well play an important part in 
your organisation. Full details supplied on request. 


72” diameter tight closing Butterfly Valve 
or 730 ft. hd. operating pressure. 


A member of the Elliott Automation Group. 


cle] ple LE VALVES 


JAMES GORDON VALVES LTD * AIRPORT WORKS - ROCHESTER - 
Telephone: Chatham 44400 
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THE RAILWAY GAZETTE 
. eta 4 c. ~emaae ee — a - Operation, and 


Weekly 2s. Annually £5 by post. 
DIESEL’ RAILWAY TRACTION 
A monthly review of world-wide developments in diesel-engine 
design and diesel rai!way treactivn. 
Monthly 2s. 6d. Y eed 35s. by pest. 
SHIPBUILDING AND SHIPPING RECOR 
a — of Shipbuilding, Marine Engineering, - Harbours, and 
Shippin Weekly 2s. Annually £5 by post. 
NEW COMMONWEALTH 
Describes and illustrates significant develo,ments in production, 
trade, nn umn and related spheres in all countries of the 
Commonw Monthly 2s. 6d. Annually £2 by post. 
COLLIERY ENGINEERING 
A practical journal for Colliery Managers and Engineers, and 
manufacturers of Colliery Equipment. 
Monthly 2s. 6d. Annually £2 by post. 
COKE AND GAS 


A technical journal dealing with the scientific and technica! pro- 

pon ph —— in the production of coke and gas in coke ovens 

and Monthly 2s. 6d. Annually 35s. by post. 
THE! DUSTRIAL CHEMIST 

A journal devoted to the —— of applied Chemistry and 

Engineering. lorthly 2s. 6d. Annually £2 by post. 
ARCHITECTURE AND BUILDING 

A practical iournal devoted to Architecture and Building Practice. 

Monthly 2s. 6d. Annua'ly 35s. by post. 

woop 


A practical journal, authoritatively written, superbly illustrated, 
dealing with the growth, marketing, and use of wood in all its 


forms. Monthly 2s. 6d. Annually 35s. by post. 
FOOD 
A journal devoted to the manufacture, packaging, and marketing of 
processed foodstuffs. Monthly 2s. 6d. Annually £2 by post. 
water POWER 
A technical —— eee to the study of all aspects of Hydro- 
Electric Developm Monthly 2s. 6d. Annually £2 by post. 


THE RAILWAY MAGAZINE 
a — a containing none tee articles on Railways and 
Locom: Monthly 2s. 6d. Annually 35s. by post. 
MINE AND @ QUARRY ENGINEERING 
icles of technical mature cover geology, modern methods of 
prospecting, the winning of ore and stone, the dressing of ore and 
minerals, and extraction metallurgy. 
Monthly 2s. 6d. Annually 35s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill Street, Westminster, London, S.W.I 
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KEEPING THINGS MOVING 
for over 86 years 


For nearly a century ‘‘Whites of Widnes’ have 
been manufacturing and installing Aerial Rope- 
ways, Cableways and Conveyors for 
the speedy, efficient and reli- 
able transport of material. All 
over the world ‘‘Whites”’ 
Aerial Ropeways embody- 
ing Automatic Tipping, 
Gripping and 
Releasing Gear 
are in daily use. 
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Established 
1869 


R. WHITE & SONS (Engineers) LTD- 
P.O. Box 2, WIDNES, LANCS. 


Telegrams: RAILS, WIDNES Telephone: WIDNES 2425 (3 lines) 








Essential Reading 
For Pipework Pianners 


Valve motorisation by Rotork—any size or type 
of valve—complete system of control for valves 
and therefore related plant—actuators electrically 
operated by pushbutton from any distance, or 
automatically from any data such as time, level, 
temperature etc. Rotork eliminate the inefficient 
human-error-prone, often hazardous conditions 
[RP created by hand operation. 
The booklet, packed with information on this 
important development, is yours for the asking. 


ROTORK ACTUATORS FOR VALVE CONTROL 
ROTORK ENGINEERING CO. LTD., of BATH, ENGLAND. Tel: 64558 
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TRANSMISSION TOWERS 


Specialists in the design, manufacture and supply of 
towers for this country and overseas. 
The complete manufacture including galvanizing, is 
undertaken in these works. 


Tees Side 


THE TEES SIDE SRIDGE & ENGINEERING WORKS LTD. 


WORKS & HEAD OFFICE: MIDDLESBROUGH. TELEPHONE: 45501-6 
LONDON OFFICE: 56 VICTORIAST.,S.W.1. TELEPHONE: ABBEY 1613 


m= 
fae Sa 


77 














INDEX TO ADVERTISEMENTS 


ry 
A.C. Plant & Hire Co. Ltd., the ... 
Acciaieria E Tubificio Di Brescia ... 
Allen, W. G. & Sons (Tipton) Ltd. 
Allgemeine Elektricitats-Gesellschaft 
Allis-Chalmers Hydraulic Division 
Allmanna Svenska Electriska Aktiebolaget 
Aluminium Wire G Cable Co. Ltd. 
Anderson, Grice, Ihe Company, Ltd. 
Ansaldo San Giorgio, S.p.A. ... 
Ardelt Industries of Canada Ltd. ... 
Armfield Hydraulic Engineering Co. Ltd. 


Inside ‘Back Cover 


57 
32 
51 

8 


Associated Electrical Industries (Manchester) Ltd. 
Outside Back Cover 


Associated Electrical Industries (Woolwich) Ltd. 42 & 43 


Associated Electrical Industries (Rugby) Ltd. 


Ateliers de Constructions Electriques de Della ... 


1& 68 


Atlas Copco, A.B. 

Balfour, Beatty G Co. Ltd. 74 
Bell, Theodore & Co. Ltd. ... 6 
Birkett, T. M., “ene & Newtcn Ltd. 28 
Bochumer Verein ae ot — 
Bouchayer & Viallet — 
Boving & Co. Ltd. ‘ 5 
British Insulated Callender’s ‘Cables Ltd. 4 
British Pitometer, The Co., Ltd. — 
British Ropeway Engineering C Co, bad. 23; —— 
Brown, Boveri & Co. 30 
Bruce, Peebles & Co. Us. we — 
Bucyrus- Erie Co. Ltd. _- 
Buss, A.C. — 
Butters Bros. & Co. Ltd. — 
Canadian General Electric Co. Ltd. 10G11 
Canadian Vickers Ltd. ‘ — o 
Canadian Wood Pipe & Tanks Ltd. 37 
Cementation Co. Ltd. ” 36 
Ceretti G Tanfani Ropeway Se Ltd, — 
Charmilles Engineering Works Ltd. — 
Cockburns Ltd. ... 75 
Compagnie Industrielle de Travaux... 34 
Consolidated Pneumatic Tool Co. Ltd, ... —- 
Costruzioni Generali Farsura — 55 
Craelius Co. Ltd. oo 
Crompton Parkinson (Export) Ltd. _ 
De Havilland Propellers Ltd. ce ae 
de Roll, Loujs, Ironworks Ltd. “eo 3 
Dominion Engineering Co. Ltd. 26, 27 & 73 
Doulton Industrial Porcelains Ltd. a a. 
Drees & Co., G.m.b.H aor 48 
Dresser Manufacturing Division ... aoe 
Eimco (Gt. Britain) Ltd. — 
ELIN, A.G. 47 


Elliott Bros, (London) Ltd. 
English Electric Co. Ltd. 


Front ‘Cover 


English Steel — G Engineering ¢ baa coal Ltd. 23 


Escher Wyss Ltd. 
F 

Ferranti Ltd. on 

Ferrum Montage ... 

Fischer Ltd., George 


Galileo Officine di Battaglia Terme 
Generai Electric Co. Ltd. . 
Gilbert Gilkes & Gordon Ltd. 
Giovanola Freres, S.A. ...  . 
Glenfield & Kennedy Ltd. 

}. Gordon Valves Ltd. 


H 
Harland Engineering Co. Ltd., The 
Hartley’s (Stoke-on-Trent) Ltd. 
Henderson, John M. & Co. Ltd. .. a 
Henley’s Ww. oa Telegraph Works Co. Ltd. ... 
Heywood & Co. Ltd. ... 
Hilger G Watts Ltd. 
Hitachi Ltd. 
Holland & Hannen ‘and Cubitts Ltd. 
Holman Bros. Ltd. 
Horseley Bridge G Thos. Piggott L Ltd. 
Huhn, G 2 
Hydraulics & Pneumatics Ltd. 
I 


Impresit Kariba (Pvt.) Ltd. ... 
Ingersoll-Rand Co., Inc. 7 
International Engineering Co., Inc. 
International General Electric Co. 


39 


54 


Jonneret, S. A. Ateliers de Construction 
Joy-Sullivan Ltd. ... “gee, Tee A 


K 
Karlstads Mekaniska Werkstad, Akt. ... 
Krupp, Fried. Maschinen- und Stahlbau 
Kuljian Corporation, The : 
Kvaerner Brug as is 
L 
Leffel, James & Company, The ... 
Lepper Transformatorenwerk August ... 
Le Materiel Electrique, S-W ve 

M 
Magrini, S.p.A. Rte aes 
Mannesmann- Export, G.m.b.H. 
Marelli, Ercole G Co., S.p.A. 
Maschinenfabrik Augsburg- Nurnberg, / A.G. 
Maschinenfabrik Edward Ruch nas 
Maschinenfabrik B. Maier dike 
Micanite & Insulators Co. Ltd., The ... 
Michell Bearings Ltd. .. “a eins 
Mitchell Construction Co., The 
Mitsubishi Electric ; 
Mobil Oil Co. Ltd. ae 
Murray, D, J., Manufacturing Co. 

N 


Newport News Shipbuilding & ~~ Dock Co. 
Neyrpic ‘ eee ip 
Nippon Gaishi_ Kaisha Ltd. —_ 
Nuttall, E., Son & Co. eae Ltd. 
Nydavist & Holm, A/B oe 

Oo. 


Oerlikon Engineering Company 
Ossberger Turbinenfabrik 


Phoenix-Rheinrohr, A.G. 
Pirelli-General Cable Works Ltd. 
R 


Ransomes & Rapier Ltd. 
Reyrolle, A. & Co. Ltd. a 
Rheinstahl Union Briickenbau- Akt. Ges, 

Rip Bits Ltd. 3 so ae 
Riva Costruzioni Meccaniche - 

Rotork Engineering Co. Ltd. 

Ruhrstahl, A.G. ... _ 

Ruston Bucyrus Ltd. 


Ss 
S. A. Ateliers De Secheron ... 
SACE Costruzioni Elettromeccaniche 
Sakai lron Works Co. Ltd. 
Saivi, A. G Co. ... 
Salzgitter Maschinen Aktiengesellschaft 
Savoisienne ... , - 
Scarpa & Magnano ‘ 
Shell International Petroleum. Co. 
Short Bros. & Harland Ltd. 
Siemens-Schuckertwerke, AG. 
Smith, Fredk. & Co. “ 
Smith, S. Morgan Company . ‘et 
Soc. p. Az. Cementi Armati ‘Ing. “Mantelli ... 
Societa Elettro-Morsetterie Volpato 
Societa Nazionale Delle Officine Di Savigliano 
Societe Dauphinoise d’Etudes G de Montages 
Societe des Forges et Ateliers Du Creusot 
Standard Telephones & Cables Ltd. 
Steatite G Porcelain Products Ltd. 
Storey, Thos. (Engineers) Ltd. 
Strachan & Henshaw Ltd. ... 
Sulzer Bros. (London) Ltd. ... 
Svenska Metallverken, A/B ... 

T 
Tampella OY “oe 
Technoexport 
Tees Side Bridge & Engineering Works Ltd, 
Tokyo Shibaura Electric Co. Ltd. ... _ 
Torno, Giuseppe & Co. 
Tosi, Franco, S.p.A. .. A 
Vv 


‘Inside Front Cover 


58&59 


Vereinigte Osterreichische Eisen- und Stahlwerke 


Victor Products Ltd. . 
Vevey ewes 8 Wort s Ltd. 
Voith, J. M., G.m.b ine 

Ww 


Waagner Biro - 
White, R. & Sons (Engineers) Ltd. 
Wood, Hugh & Co. Ltd. ... 


Yorkshire Electric Transformer Co. Ltd. 


40 & 41 


52 





LONDON: 





and Printed by W. & H. SmitH Ltp., Evesham, Worcestershire. 


Published by ToTHiLt Press LimiTeD, Proprietors of WATER POWER, at 33 Tothill Street, Westminster, S.W.1.. 


June, 1960 


sth 


es 














‘fol an) o)(=1(-Mm abso] cebr-)(-1e1 te lomm e)t-lalc 








Assembly at works of an 11.150 kW Francis 
turbine for Pilmaiquen Power Station of Messrs 
Endesa, Santiago (Chile) 


Wheel of a 35 200 kW Pelton turbine for 
Lanzada Power station of Soc Vizzola Milan 


Wheel of a 35 750 kW Kaplan turbine for Ybbs 
Persenberg Power station of Osterreichische 
Donaukrattwerke. Wien 
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OUTDOORS 
at 22 or 33-kV 


- get ee Seialle 


TYPE JB 426 
OIL CIRCUIT BREAKERS 
BY AEI 





These circuit breakers are of compact 
and robust construction, designed to 
give completely satisfactory service in 


the most onerous conditions. 


For further details, write to AEI Switchgear 
Division, Willesden Works, Neasden Lane, 
London, N.W.10 or to your local AEI office. 





Switchgear Division 


Associated Electrical Industries Limited 


WILLESDEN, LONDON 7 TRAFFORD PARK, MANCHESTER HIGHER OPENSHAW, MANCHESTER 


FA/909 








